1925 


a U. S. DEPARTMENT OF AGRICULTURE 
WEATHER BUREAU 


WEATHER REVIEW 


VOLUME 53, No. 8 


AUGUST, 1925 


\ 


‘WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1925 


| 
* 
We 
SERRIMER 
\ 
: 
\ 
: 


AUGUST, 1925 


CONTENTS 
CONTRIBUTIONS, ABSTRACTS, AND BIBLIOGRAPHY WEATHER OF THE MONTH Mes f 
An analysis of observations in their relation to pre- Warner or Norte anu Oceans:t ; 
A siatistical sis of solar radiation data. H. W. Notth Pacific 
Temperature ar huinidity of the upper air at San Diego, Deraits oF THE WEATHER IN THE UNITED Sraras: 
Development and ayer status of frost-fighting devices. Cyclones and anticyclones. - -.-----...-~-~----=---- 306 
Floyd. D. Young... (3 349 Free-air summary. - 366 
Value of smudge-pots in venting frost in cranberry bo The weather elements... - - 38 
A. Wells & Perry Parker. 2 figs 351 Table of severe local hail and wind storms. 
Sampling the higher atmosphere. Humphre Storms and weather warnings. 37 
Papers read at the Portland, Oreg., meeting of the Rivers and 372 
cal Great Lakes levels, August, 1925 ......<.-.-..----- 373 
caw Meteorologica Society, June 18, 1925: 
Wide-area forecasting of streamflow on the Columbia Effect of weather on — and farming operations... 378 
and Colorado. J, E. 353 | Tasuns: 
The elimate of British Columbia. F. N. Denison... 354 Climatological tables... .-.. 374. 
Variability of precipitation in the State of Washing- 
ton. M. B. Summers. 355 CHARTS 
Floods in the Willamette River. Edward L. Wells... 355 Serial 
tvaporation measurements in the Swiss Alps. (1 55 Trac f lonic areas. 
data for Midway Island, north Pacific Tracks of enter of 
The dry season of 1925 in the Paoama Canal Zone. 
R. Z. Kirkpatrick. 357 IV. Total precipitation, 82 
, 1925. J. B. Navarrete. 359° | VII. Total snow'all, inches (not 
Recent additions to the Weather Bureau library. - .-- - 360 | VITI-XI. Weather maps of North Atlantic Ocean, August 
SoLtaR OBSERVATIONS: 
Solar and sky radiation measurements during August, t In marine separate. 
CORRECTIONS 
Ruvipw, May, 1925: 
On page 207, second column, the equation below Table 3 should read: 
rat )9.9 
Inpex for 1924: 
Page iii, 2d item under January, after “8 a. m.”’, insert “for April’’. 
Review, June, 1925: 
Page 248, in Table 1, the minimum temperature on April 23 and 24 should be 53 and 62, respectively. 


I 
t 
t. 
8 
b 
te 


4 
ts 
~ 
> fi 
3 
4 4 — 


MONTHLY WEATHER REVIEW 


Editor, ALFRED J. HENRY. 


Assistant Editor, BURTON M. VARNEY. 


Vou. 53, No. 8 
W. B. No. 876 


AUGUST, 1925 


Croszep Ocr. 3, 1925 
Issuzp 28, 1925 


AN ANALYSIS OF SOME FREE-AIR OBSERVATIONS IN THEIR RELATION TO PRECIPITATION 


By V. E. Jaki 


In a previous paper by the writer ' a few diurnal series 
of free-air observations were reproduced graphically to 
illustrate the time-altitude changes in temperature ac- 
companying pronounced changes in temperature at the 
surface. Since then many more series of observations 
by means of kites have become available, and an exami- 
nation of these has been made with a view to selecting 
such as would be to the study of 
in free-air conditions leading up to rain or snow. e 
criterion for deciding which series would be suitable for 
reproduction was sumply that the observations should 
extend to about 3,000 meters or more in altitude, and 
that they should be immediately or very soon followed 
by 

e purpose of this study was to correlate the sequence 
of temperature changes—and incidentally, of course, 
changes in other recorded elements—with the formation 
of precipitation. It has been thought helpful in inter- 
ene the graphs to consider them separately by types, 
according to the direction of the surface wind prior to 
and during the occurrence of precipitation, and the posi- 
tion of the precipitation area with respect to the surround- 
ing pressure distribution. Briefly, the types in this 
respect are those given in a preliminary paper on this 
subject by the writer,? and are as follows: (1) With 
easterly and northeasterly surface winds—therefore in 
the northern portion of a Low area, or to the north of the 
nearest low pressure center; (2) with northwesterly sur- 
face winds, or in the rear of Lows or front of H1GHs; (3) 
in the region of wind shift lines—ordinarily the south 
portion of Lows; (4) with general southerly winds, or the 
southeast and east portions of a Low. 

Observations suitable for this study comprise only a 


small portion of all the observations made, the reasons: 


being as follows: Kite flights are seldom deliberately 
made during the prevalence of rain or even when rain is 
Imminent, and never when thunderstorms threaten, owing 
to the danger of destruction of kites and instrument in 
the former case, and additional danger of injury to per- 
sonnel in the latter. During snowstorms there is ordi- 
narily no danger of accident or injury, but as a rule 
observers prefer to complete their flights before the 
eginning of snow, or, when snow is falling, to delay 
starting the flight until after the snow has ended, owing 
to the fact that higher flights are possible in fair weather. 

Records suitable for this study are therefore largely 
the fortunate outcome of series of flights terniinated by 
Precipitation, or in some cases, of series of flights in 
Which the final flight was actually overtaken by storm. 
Notwithstanding these difficulties, the accumulation of 
Tecords durifg the past few years offers the choice ot 
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uite a number of instructive series of free-air observa- 
tions related to the occurrence of precipitation. 

Some yer gp sean is also appropriate here as to the 
meaning of “diurnal series.” Apart from the ordinar 
routine at kite stations of making a single flight eac 
day to as high an altitude as possible, the program of 
work includes the making of a series of observations at 
occasional intervals during the year when weather and 
wind permit. These observations consist of a succession 
of kite fem one immediately following another, until 
about eight flights or so are made covering a period 
usually extending from the morning of one day to the 
afternoon of the next. Sometimes these attempted 
series are terminated after only a few flights have been 
obtained, on account of threatening weather or dimin- 
ishing wind. 

Limitations of space restrict the reproduction of the 
available series to a few well-developed specimens repre- 
senting each of the so-called types of precipitation. This 
rather arbitrary division does not pretend to cover all 
anna types of precipitation occurring in the United 

tates. This paper, moreover, necessarily deals only 
with the middle sections of the country, particularly the 
central portion, where, of all sections having primary 
aerological stations, free-air work has been carried on 
longest and most intensively. Furthermore, the discus- 
sion does not pretend to be a rigid analysis of the free-air 
processes attending precipitation. It is a presentation of 
some of these series of observations in “ picturized” form, 
accompanied by such interpretation of them as the writer 
has felt competent to make. 

No attempt has been made to interpolate the tempera- 
tures at the various altitudes with a view to making the 
altitude curves represent synchronous temperatures from 
the surface to the highest observation. In other words, 
the temperatures have been plotted at their respective 
altitudes without regard to time. 

It had been hoped that charts of sea-level pressure 
would be available to accompany all these graphs, thereby 
helping to visualize the conditions they are intended to 

ortray. It was found, however, that in only a few 
instances have the times of regular observation, on which 
the weather maps are based, coincided, even roughly, with 
the times of free-air observation and precipitation. 
Where these requirements of approximate simultaneity 
have been met, charts have been reproduced in connec- 
tion with the graphs to which they refer; in the other 
cases it is thought that to reproduce them would serve no 
useful purpose. In this connection it may be pointed out 
that charts appropriate to Figure 4 are given in consider- 
able detail in an article relating to the same storm that 
appeared in an earlier number of the Review, reference 
to which is made in the text pertaining to that graph. 

Comparison of free-air observations from stations 100 
to 200 miles apart would be very interesting were such 
available. The distance between stations is, however, 
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never less than 300 miles. Hence no useful comparisons 
can be made between those few observations which 
weather conditions at two or more stations permitted to 
be made simultaneously. The different graphs wil be 
considered in groups in the numerical order of the types 
into which they fall. 

(1) The series of January 27-28, 1916, the graph for 
which is shown in Figure 1, is cited to show an apparent 
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Fia. 1.—Sequence of free-air conditions at Drexel, January 27-28, 1916. Dotted lines 
at top of cloud area indicate that cloudiness extended to unknown height beyond 
figure shows sea-level tem ye at 7 a. m., nine- 
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rexel at approximately 


tieth meridian time, January and free-air winds over 
corresponding time 


exception to the general rule that inversions are associated 
with drier air than that imm or ef below. Owing to 
the low temperatures that prevailed at the surface, the 
determinations of surface humidity from whirling psy- 
chrometer observations, which usually form the reference 
basis for reading free-air humidities recorded aloft, are not 
in this case reliable. Therefore humidities have not been 
entered on the graph except in the latet flights of the 
series, where exposure of the kite instrument to dense 
clouds gave a saturation record as a reliable base of 
reference. 

Considered in connection with the pressure distribu- 
tion, which showed higher pressure north of Drexel, this 
series of observations apparently represents an ideal case 
of ‘“‘warm-front” precipitation. However, in this case 
clouds were observed — in that portion of the 
air column extending from the inversion level upwards 
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throughout which a lapse rate somewhat less than the 
moist adiabatic for the existing temperature prevailed. 
No important change in temperature 1s shown in the ver- 
tical column from the morning of the 27th to the morn- 
ing of the 28th, but it is apparent from the graph that 
clouds and precipitation formed soon after the wind in 
the upper levels changed to southerly. If, from the facts 
presented, one is disinclined to attribute the snowfall to 
a ‘“warm-front” process, an alternative explanation is 
possible by supposing that the lapse rate above the inver- 
son eventually became sufficient to cause vertical con- 
vection. is supposition is given credence by the fact 
that the snowfall was light until after the last flight, the 
snow having begun at 1.30 a. m. and ended about mid- 
night on the 28th. Since the surface wind remained 
northeast and the pressure fell to about 6 a. m. of the 
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Fic. 2.—Sequence of free-air conditions at Drexel, June 12, 1917. Upper figure shows 
sea-level es i m., ninetieth meridian time, June 12, and winds over 
Drexel at appr y corresponding 


29th, it is apparent that the wind turned clockwise with 
altitude during the time that the snow fell. 

Figure 2 is a graph of the series of three flights of June 
12, 1917, showing free-air conditions up to about three 
hours before specie stare began. The wind veered wi 

easterly on the ground to southwest- 
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erly aloft, but owing to lack of pressure fall and necessary 
convergence or other cause to impel ascent of air, pre- 
cipitation did not occur until the pressure rose. The rise 
in pressure, occurring after the last flight of the series, 
was evidently accompanied by a change from clockwise 
to counterclockwise turning of the wind with altitude, 
resulting in an underrunning effect on the ~—— 
winds aloft by the cold northerly winds near the ground. 
Evidence of the impending change to counterclockwise 
is shown on the graph by the abrupt change with altitude 
from north-northeast to south-southwest above 1,250 
meters in the last flight; also by — pressure and the 
fact that the surface wind changed from northeast to 
northwest soon after precipitation began. 
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Fic. 3.—Sequence of free-air conditions at Drexel, December 11-12, 1917. Dotted lines 
at top of cloud area indicate that cloudiness extended to unknown height beyond 
upper limits of observation 


A statistical study of changes in direction with altitude 
for the United States by C. LeRoy Meisinger,’ shows that 
in passing from the front to the rear of a Low through 
the northern quadrants, the change from clockwise to 
counterclockwise turning with altitude is found on the 
average in that portion of the Low where the surface 
winds are northeast. Precipitation in this north portion 
of tows therefore occurs with both kinds of turning, and 
often with both kinds in the same storm, in Ap, A 
case veering with altitude being followed by backing with 
altitude. On June 12, 1917, precipitation did not begin 
at Drexel until the change to counterclockwise turning 
with altitude took place. It will be noted that there was 
a rapid rise in altitude of the inversion that first became 
evident as a slight interruption of the lapse rate at about 
1,500 meters. Kites do not show fine distinctions in 
wind directions, but the observed change in direction 
from beginning to end of the series was sufficiently large 
to be accepted as authentic. Increasing humidity and 
cloudiness, having as an upper limit the surface of tem- 
petadnire discontinuity, resulted as the winds aloft veered 
tom easterly to more southerly and southwesterly, and 
temperature became higher at ake, rg og higher alti- 
tudes. While the record of humidity in portions of the 
clouded area in the third flight was actua W slightly less 
than at corresponding levels in the second flight, this was 
» Aycan due to the clouds being somewhat broken at 
the time they were penetrated by the kite. It will be 
noted that in the clouded area below the inversion a de- 
crease in the lapse rate resulted as the inversion rose and 
e temperature fell in the northeasterly winds below. 
This appears to be a further reason why no precipitation 
occurred until pressure rose attended by underrunning 
northeasterly to northwesterly winds. 


* Meisinger, C. LeRoy, The Preparation and 8 cance of Free-Air Pressure Ma) 
for the Central and Eastern United States, Mo. WEA 
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The series of December 11-12, 1917 (fig. 3) shows the 
conditions attending a very light snowfall when wind 


near the ground a from southerly to north and 
northeasterly. The cold northeasterly winds from the 
body of the nicH to the northwest simply displaced the 
southerly winds at the lower levels, while the upper 
winds remained about west. Such light precipitation as 
occurred was apparently due to the stratus cloud forming 
at the top of the northeast wind as a result of turbulence 
and mixture with the previously warmer air of south 
component. This vertical structure of the air is typical 
of free-air conditions attending the approach of cold 
waves.* 

The series of February 11-12, 1919 (fig. 4), is another 
illustration of the conditions preceding precipitation 
occurring with northeast surface wind and southerly 
wind aloft. The surface wind became northeast when 

recipitation began three hours after the end of the last 
hight, and remained northeast throughout the 13 hours 
during which precipitation occurred with falling pressure. 
It will be noted that a marked inversion began in the 
lower levels as soon as the winds changed to a general 
southeasterly direction from the previous southwesterly 
direction soon after 1 a. m. is inversion was due to © 
slowly rising temperature above and rapidly fallin 
temperature below. The last altitude graph shows a fa 
in temperature at about 1,200 meters with an inversion 
immediately above, but no discontinuity in wind direc- 
tion, indicating that the southeast wind below the in- 
version, with its attendant cloudiness, had a different 
source from the southeast wind at and above the inver- 
sion. The falling temperature evidently had its origin 
east or northeast of Drexel, while the rising temperature 
and low humidity at and above the inversion at 1,600 
meters can be attributed to continued inflow from 
regions far to the south or southwest. Subsequent 
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Fic. 4.—Sequence of free-air conditions at Drexel, February 11-12, 1919 


observations are confined to the surface and show that 
the wind backed to northeast and temperature and 
pressure fell. 

An analysis of this Low, which caused widespread 
rey samen was made by the late Dr. C. LeRoy 

eisinger (The Great Cyclone of Mid-February, 1919, 
Mo. WeaTHER Rev., tober, 1920, 48: 582-586), 
his explanation of the cause of the attendant precipi- 
tation being based on his acceptance of the ‘‘warm and 
cold front” theory. In view of the fact that most of 
the precipitation at Drexel in this storm occurred with a 
northeast surface wind and falling pressure, this explana- 


4 Mo. WEATHER REV., June, 1919, 47: 367-373. 
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tion appears plausible. However, as in the case of 
January 27-28, 1916 (fig. 1), an additional explanation 
appears justified to the effect that precipitation was 
caused by a moist adiabatic gradient resulting in the 
upper levels where southerly winds prevailed, sur- 
mounted by cold southwest winds at still higher levels. 
It should be noted in this connection that precipitation 
began first on the eastern and southeastern sides of the 
Low, where no ‘‘steering line’ was apparent, and gradu- 
ally developed successively over the northern and western 
portions of the Low. 
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Fig. 5.—Sequence of free-air conditions at Drexel, October 26-27, 1917. Upper figure 
shows sea-level pressure at 7 p. m., ninetieth meridian time, October 26, and free-air 
winds over Drexel at approximately corresponding time 


(2) The series of four flights of October 26, 1917 (fig. 
5) shows the free-air conditions leading up to and follow- 
ing precipitation with northwest surface wind, 0.08 
inch rain having occurred between the second and third 
flights. The second flight reveals an unbroken lapse 
rate, and, in the upper levels, generally higher humidity 
than in the first flight. This of course could not cause 
precipitation of consequence with the indicated wind 
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directions, owing to their dry source. However, an 
abrupt surge of cold northwesterly wind in the lower 
levels with rapid rise in pressure, as shown between the 
second and third flights, was effective in causing pre- 
cipitation by underrunning, the change to northwesterly 
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Fig. 6.—Sequence of free-air conditions at Drexel, May 19, 1919. Dotted lines at top of 
ps area — that cloudiness extended to unknown height beyond upper limits 
of observation 


coming in the lower levels more abruptly than in the 
upper. It will be noted that the fall in temperature 
observed immediately after the rain was greatest in the 
low levels near the ground. 

The graph of the series of four flights on May 19, 1919 
(fig. 6), conditions immediately and 
following a light shower (between the second and third 
flights) where the winds were generally north to north- 
northeast up to 3,600 meters altitude. As might be 
expected from the circumstance of deep unidirectional 
winds of northerly component, only a small amount of 
precipitation (0.01 inch) occurred, notwithstanding 
that it was in the form of a thundershower. The tem- 
perature-altitude curves show a diurnal rise near the 
ground and lower levels, and sustained low temperatures 
aloft. A lapse rate approaching the dry adiabatic 
resulted, which in connection with strata of high humid- 
ity, made the column of air unstable. The pressure was 
stationary except during the prevalence of the thunder- 
shower, when a slight rise occurred accompanied by 4 
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Fic. 7.—Sequence of free-air conditions at Drexel, February 27-28, 1920 


decided fall in surface temperature. Evidently a slight 
pes’ in pressure was required to produce underr 

sufficient to cause precipitation. The strata of cloud- 
iness preceding the thunderstorm were transported from 
regions to the east and northeast, where precipitation 
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north of a low pressure center a 
few hundred miles southeast of Drexel. 

This underrunning in a northerly wind is well illustrated 
for a winter condition in the graph of the series of flights 
on February 27-28, 1920 (fig. 7). In this case, however, 
there was evidently insufficient lapse rate and moisture 
content in the northwesterly winds of upper levels to 
cause precipitation, so that the trace of snow that did 
occur formed at the top of the underrunning stratum of 
cold air, a process which, owing to the gradual extension 
of the rapid fall in temperature into eae altitudes, 
formed a high lapse rate, resulting in turbulence and 
light precipitation. 

While the preceding examples of the conditions in a 
northerly to northwesterly wind associated with precipita- 
tion cover only three cases, theystrongly suggest that when 
deep unidirectional winds occur from directions ranging 
from north-northeast to about west, but little precipitation 
can be expected, even in connection with thunderstorms. 
From the fact that considerable precipitation occurs, at 
least in the Middle West, with north component surface 
winds,’ it is apparent that such cases of precipitation 
must generally be associated with other directions aloft. 

(3) From the fact that most of this class of precipi- 
tation is attended by thunderstorms, free-air observa- 
tions under these conditions, particularly diurnal series, 
are almost entirely limited to periods preceding or follow- 
ing occurrence of precipitation. In the series of March 
30-31, 1921 (fig. 8), no strong lapse rate is apparent in 
the upper levels above the diurnal rise and fall in the 
inversion layer. Instead, there occurred a gradual 
veering of the upper winds from southwesterly to westerly, 
and, until after the 3 a. m. flight, a rise of humidity which 
in general occurred at i wore lower altitudes. 
The last curve prior to the inning of precipitation 
(3 a. m.) shows that the wind veered at all altitudes, 
though principally near the ground, and that the fall in 


temperature in the lower levels (below 2,350 meters) 4 
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Fig. 8.—Sequence of free-air conditions at Royal Center, March 30-31, 1921. Dotted 
lines at top of cloud area indicate that cloudiness extended to unknown height beyond 
upper limits of observation 


incidental to the veering of wind to the northwest re- 
duced the lapse rate to a small value. This curve shows 
horthwest wind on the ground gradually backing to 
west-southwest aloft. The amount of precipitation was 
small (0.03 inch), emphasizing what has already been 
brought out, viz, that at least in the great majority of 
cases of northwest wind not much precipitation can 
occur unless there is a more or less abrupt shift above it 
to a southerly wind. 


‘Mo. WeatHer REV., Jan , 1924, 52: 18-22; also Udden, Anton D., A Statistical 
Da y of Surface and he 54 Air Conditions in Cyclones and Anticyclones Passing over 
Vvenport, lowa, Mo. WEATHER REV., February, 1923, 51: 55-68. 
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The graph of Figure 9 shows the records of the upper 
air conditions in three flights on September 5, 1923, 
immediately preceding a shower of the typical squall 
type, with abrupt change in wind direction to northerly 
at and near the surface. The record of humidity and 
temperature below about 2,000 meters is missing in the 
last flight, owing to the collapse of the instrument- 
re kite and consequent blurring of the record when, 
in the process of reeling down, the kites encountered the 
northerly underrunning current with its attendant stron 
wind and clouds. The gradual rise in humidity with 
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Fia. 9.—Sequence of free-air conditions at Ellendale, N. Dak., September 5, 1923. 
Dotted lines at top of cloud area indicate that cloudiness extended to unknown height 
beyond upper ts of observation 


altitude to 100 per cent in the upper levels where south- 
southwest to southwest wind prevailed, as shown in the 
last curve of the graph, is evidently a prerequisite to 
precipitation of consequence in an underrunning or 
‘wind shift line” condition. A measurable amount of 
precipitation did not occur until a few hours after the 
surface wind had changed to northerly from south. This 
was undoubtedly due to the fact that a considerable 
depth of comparatively dry air intervened between the 
high strata of clouds in the south-southwest wind and the 
underrunning northerly current near the ground. This 
column had a lapse of about 0.87° per 100 meters, or 
close to the dry adiabatic, and exceeding the moist 
adiabatic for the prevailing temperature. As the column 
of dry air was replaced to gradually greater vertical 
extent by moister air and cloudiness through accumula- 
tion from southern sources, an unstable condition super- 
vened, which needed only displacement by an underrun- 
ning colder current to cause the vertical convection 
necessary to precipitation. 

(4) Considering those cases where precipitation oc- 
curred in winds of general southerly component in the 
front of a Low, the frst aph reproduced will be that of 
the series of flights nt a at Drexel on November 8-9 
1917 (fig. 10). In this series a thunderstorm develope 
during the last flight before the kites could be reeled in, 
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resulting in lightning striking and destroying the steel 
kite line. The wre Dating, rd of the series is the 
gradual uninterrupted rise in the height of the convection 
column, in which a dry adiabatic lapse rate with cloudi- 
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transported from regions to the south where precipitation 
was already occurring, but that the actual occurrence of 
precipitation over Drexel was delayed until the position 
of the advancing trough of low ag ge caused con- 
vergence and underrunning. This is shown by the 
record of surface wind direction during the 27-hour 
intermittent rainfall, the surface wind varying during 
that time from southeast, through south to southwest, 
and finally northeast. 
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- Fie. 10.—Sequence of free-air conditions at Drexel, November 8-9, 1917. Dotted lines 


at top of cloud area indicate that cloudiness extended to unknown height beyond 
upper limits of observation. Up: shows sea-level pressure at 7 a. m., ninetieth 
ae bmn November 9, and free-air winds over Drexel at approximately corre- 
spon 


ness at the top, prevailed. From the fact that this 
occurred throughout the night it is obvious that the 
maintenance of this lapse rate must be attributed to 
reasons other than effects of insolation at the surface. 
The record of wind direction shows that the top of the 
convection column rose because air from the H1eH to the 
east became replaced at successively —_— altitudes by 
air which had recurved from the rear of the Low. A rapid 
fall in pressure brought about precipitation with a 
thunderstorm, probably by convergence, as the rain 
occurred with a southeast surface wind. 

The series of four flights on October 21, 1918, shown 
in Figure 11, was made in connection with the advance 
eastward of a trough of low pressure that overlay the 
Rocky Mountain and Plains Bates on the morning of 
that day. High humidity and cloudiness prevailed in 
the upper levels from the early morning, and no appre- 
ciable change in temperature ccslantad throughout the 
vertical column of air during the course of the observa- 
tions. It is therefore apparent that conditions of humid- 
ity and cloudiness favorable for precipitation were 
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FiG. 11.—Sequence of free-air conditions at Drexel, October 21, 1918. Dotted lines at 
top of cloud area indicate that cloudiness extended to unknown height beyond upper 
limits of observation. Upper figure shows sea-level pressure at 7 p. m., ninetie 
meridian time, October 21, and free-air winds over Drexel, at approximately corre- 
sponding time 


The graph representing the series of November ergs 
1922 (fe. 12) shows for the first 12 hours a dry state 0 
the atmosphere extending to a considerable cane and 
thereafter a rapid change to high humidity and cloudi- 
ness. It will be noted that the cloudiness began in the 
upper levels and spread to lower levels. Correlating these 
ns in humidity with the accompanying changes 10 
temperature, we find a condition somewhat the reverse 
of that shown on November 8-9, 1917, i. e., lowering 
of temperature at progressively lower altitudes attending 
a backing of the wind from’ west-southwest to south- 
southwest. This change to colder accompanying 4 
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change from westerly to southerly is contrary to what 
might be expected. However, the explanation is to be 
found in the fact that precipitation occurred first to the 
south, and as the gradient changed to’ cause south- 
southwest wind, cloudiness and lower temperature were 
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Fig. 12.—Sequence of free-air conditions at Drexel, November 16-17, 1922. Upper 
figure shows sea-level or at 7 a. m., ninetieth meridian time, November 17,- 
and free-air winds over at approximately corresponding time 


transported northward, first in the upper layers and later 
in the lower. The final result is a series of strata of cool 
damp or cloudy air, alternating with strata of relatively 
warm dry air. It is again found that precipitation began 
as soon as pressure started to fall decidedly. It is there- 
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fore probable that the mere transport of air from regions 
where pronerees is occurring can not of itself cause - 
other than very light precipitation over the region af- 
fected. Whether such accumulation of clouded air is 
brought about in a deep layer having an unbroken lapse 
rate, or in a series of relatively shallow strata consisting 
of alternate lapses and inversions in temperature, it is 
apparent that in neither case is precipitation of conse- 
quence possible until there occurs the pressure change 
necessary to bring about forced ascent of air. The case 
of this series — the opinion that rain was caused 
neither by instability, inasmuch as there was no deep 
layer having strong lapse rate in temperature, nor by 
ascending a slope of discontinuity, since the wind direc- 
tions_were very nearly uniform with altitude. 


CONCLUSIONS 


A feature of these graphs is the fact that but few of 
them show any prominent differences distinguishing them 
from the rest. This apparent lack of individuality is 
conspicuous even in cases where pronounced differences 
in the temperature-altitude curves and other data 
attached thereto would naturally be inferred. For 
example, while the graph of November 8-9, 1917, is 
one of the most striking of the collection, it is by no 
means typical of the general pressure situation in which 
it is classified; in fact it is quite closely imitated by the 
graph of June 12, 1917, which portrays free-air conditions 
under a decidedly different situation of surface pressure. 

It is obvious that the most important group differences 
shown by the graphs pertain to seasons rather than to 
any other divisions, arbitrary or otherwise. The reason 
for this seasonal influence is easily understood by refer- 
ring to tables of average free-air data, in which, particu- 
larly for continental sections, seasonal peculiarities in 
the vertical temperature gradients are readily identified. 
While the division into types is nevertheless justified, 
the testimony of the graphs seems to be that by whatever 
processes precipitation develops in a given season, the 
vertical structure of temperature and humidity shows 
substantial similarity whest the precipitation stage 


ns 

“Fhe conclusion seems well founded that the various 
processes of precipitation formation ultimately resolve 
themselves into a free-air structure comprising strata 
of greater or less depth having lapse rates equal to or 
greater than the moist adiabatic rates for the prevailing 
temperatures. Notwithstanding this, consideration of 
precipitation types in connection with surface and free- 
air conditions should lead to a better understanding of 
the subject, to the end that these types and their develop- 
ment may be recognized on the weather maps. 


A STATISTICAL ANALYSIS OF SOLAR RADIATION DATA 


By H. W. 
[Weather Bureau, Washington, D. C., September, 1925] 


(Read at the W of the American Meteorological Society, M 1925. 


An attempt is made to determine by statistical analysis the 
degree of validity of the values of solar intensity derived from 
pyrheliometric or bolometric observations. Both correlation co- 

cients and the mean dispersion of the data are employed. 

ttain physical relations are assumed to exist between errorless 
elements of data and constitute criteria for determining the validity 
of derived values. 


Numerous correlation coefficients between both the daily values 
and the monthly means of solar radiation elements at Mount 
Wilson are presented. A high negative correlation, averaging 
—0.55 to —0.60, between the apparent atmospheric transmission 
coefficient, a and the apparent solar constant, Ao, is a feature of all 
daily pyrheliometric data. This is known to be due to changing 
transparency between low and high sun observations. A similar 
high negative correlation both for daily values and monthly means 
exists between the solar constant, H’», and the transmission co- 
efficient. Since zero correlation should exist between these ele- 
ments, it is inferred that the derived values, £’o, are a function of 
atmospheric transparency. 

A high negative correlation, —0.60, between the mean monthly 
values of E’y and Az, is regarded as strong evidence of the unreality 
of the variations of the monthly values of 2’. 
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A high correlation, +0.87, exists between the yearly means of 
the scatter of a and of the scatter of Zo, and a negative correlation, 
—0.74, between the yearly means of A, and the scatter of Ep. 
These high correlations where none should exist show that the 
scatter of Ey is due to atmospheric variations. 

It is shown that as the vation increases the scatter of both 
the observed intensity, A;, and of the derived value of the solar 
constant, Eo, decrease part passu with the seatter of a; and the 
inference is that these variations would almost vanish at the outer 
limit of the earth’s atmosphere. 

A selection of 53 high grade days at Mount Wilson, 1.8 km., 
yields a probable error of +0.65 per cent for A;, whereas the 
probable error of 2’ for all days is 60 per cent greater. 

Five sets of pyrheliometric observations taken by different 
observers at stations 3.3 to 4.5 km. in elevation give results sub- 
stantially in agreement, in indicating that at 4.0 km. on high 
grade days with vapor pressure averaging 1.5 mm. the probable 
error of A, is about + 0.40 per cent. 

Since the probable error of the pyrheliometer reading is about 
+0.30 per cent, it is obvious that after allowing for the error of 
extrapolation to air mass one, and for residual atmospheric varia- 
ticns at an elevation of 4 km. little is left for possible sclar 
variation. 


Introduction.—The solar radiation data analyzed and 
discussed in this paper include the solar constant measure- 
ments made by Abbot! at Washington, Mount Wilson, 
Mount Whitney, Bassour, and Calama; and fragmentary 

yrheliometer observations made under the direction of 
Kgelox ? at Cordoba and La Quiaca, Argentina, and at 
La Confianza, Bolivia; and by the Angstréms at the 
Peak of Teneriffe * and Mount Whitney.‘ 


Following the notation of the Astrophysical Observa- 
tory, the symbols representing the elements referred to in 
the paper are, ¢, the vapor pressure in millimeters; p. w. 
the precipitable water in the entire atmosphere above the 
station as determined by the bolometer; a, the apparent 
atmospheric transmission coefficient, or the coefficient for 
a definite wave length, as 0.8 »; A, the intensity of solar 
radiation at the earth’s surface, with subscripts 0, 1, 2, 3, 
etc., to indicate the air mass. If the sun be in the zenith, 
the intensity is A,; J, is the solar constant, or E’, with 
water ye correction applied The mathematical 
relations between the pyrheliometric data are simply 
expressed by the formulas, A; =A, @; A;= A, a’. 

The statistical processes which have been employed in 
the investigation include the computation of coefficients 
of correlation for both daily values and monthly means, 
and the determination of the mean day-to-day variability 
for each year for all the elements. The method of 
correlation mainly employed is that described in this 
Review, volume 52, 1924, page 424. The mean vari- 
ability, or the mean of the consecutive variations without 
regard to sign, is regarded as the appropriate index of 
dispersion for employment in this investigation, because 
it is wholly independent of any secular or seasonal varia- 
tions which may occur in one element, and not in the 
other and which would render the standard deviations of 
the two elements not comparable with each other. 


Physical relations between elements of data.—For the 
interpretation of the statistical coefficients, certain physi- 
cal relations which should be found between these ele- 
ments are presented below because they constitute 
criteria for determining the validity of the derived values 


1 Annals of the Astrophysical Observatory, Vol. III, 1913; IV, 1022. Washington. 
By C. G. Abbot, Director. 

? Bigelow, F.H. The Thermodynamics of the earth’s atmosphere from the surface to 
the vanishing plane. Oficina Meteorolégica Argentina, Boletin4, 1914. Buenos Aires. 

* Angstrém, Knut. Intensité de la radiation solaire 4 différentes altitudes. Re- 
cherches faites & Ténériffe, 1895 et 1896. Upsala, 1900. 

4 Angstrém, A. K. and Kennard, E.H. Some pyrheliometric observations on Mount 
Whitney. Astro. Jour., 39-350. 1914, 


Aveust, 1925 


available for analysis. Such data comprise all values 
derived from the pyrheliometric observations of intensity, 
including a, Ao, fie also from the nolan trace, as 
E,, Eo, p. w.anda,. The symbols and items of data 
are assumed to represent real values, unaffected either 
by errors of direct shaarvation or by the frequently greater 
errors of derivation. 

(1) High positive correlation between a and <A,, A,, 
A,;, Ay the correlation increasing with the air mass. 

(2) Zero correlation between a and A,. The latter is 
an approximate solar constant, with atmospheric effects 
supposed to be eliminated by the process of extrapola- 
tion to zero air mass. 

(3) Zero correlation between a and £,. 

(4) Zero correlation between the dispersions of a and 


(5) Zero correlation between LE, or its dispersion, and 
p. W., OF é. 

(6) Positive correlation, increasing with elevation, 
between the values of E, and A,, also between their 
dispersions. The magnitude of this correlation should 
vary with the ratio of solar to total fluctuations. 

(7) The dispersion of a should show a progressive 
decrease with increase in elevation above sea level. 

(8) The dispersion of E, should not vary with change 
of elevation, but that for A, should decrease eoraeaialey 
unless solar changes are relatively great. 

Correlation of daily data.—There are available 15 years 
of Mount Wilson data, but the correlation coefficients are 
computed mainly for the years 1908-1918. The follow- 
ing table shows the coefficients for daily data at Mount 

ilson, based on 500 to 800 values. 


TaBLeE 1.—Correlation coefficients between daily values of solar 
radiation elements at Mount Wilson 


| Eo Ao Al A; | a p. w é 

| | 

| 

| Bo | +0. 92 +0. 66 | +0. 49 | | —0.61 | +0. 23 |---..---- 
| +.71 FOZ —. 57 —.40 | —0.42 


The table below shows the coefficients for the daily 
data at Cordoba for the year 1912, based on 85 values. 


TABLE 2.—Correlation coefficients at Cordoba 


| Ao As Ay 
| 4033) +081! +088! +089 
+. 69 | +. 61 +. 60 


Tested by criterion (1) above, the positive correlations 
of a with A,, As, A,, are physically consistent, but the 
magnitude of the coefficient for A, seems too low. The 
comparatively large tive correlation between 4 
and A, is a characteristic of all pyrheliometric data.’ 
For example, at Washington it is —0.51; at Bassour, 
— 0.65; alweia, —0.70; Hump Mountain, —0.70 and 
at La Quiaca, —0.51. The existence of this high nega- 
tive correlation between a and A, is evidence of atmos- 
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pheric control (Criterion 2), and is the result of changing 
transparency between low and high sun observations.® 

Referring to Table 1, there is shown a coefficient of 
—0.61 between £’, and the transmission coefficient a 
at wave length 0.8u. This is higher even than the 
correlation between @ and Ay. Real values of the solar 
constant and a should yield zero correlation. The 
existence of this high negative correlation between a purely 
atmospheric datum and alleged daily solar constant values 
—— strong evidence against their reality as solar 
changes. 

The correlation, +0.49, between EH’, and A,, at Mount 
Wilson (Table 1) if considered entirely by itself implies 
a day-to-day solar variation amounting to about one- 
third as much as that caused by all other variations. 
This inference, however, is not consistent with the other 
correlations in Table 1, and is, moreover, invalidated 
by all the other findings in this paper. 

Correlation of monthly data.—The advocates of day-to- 
~ solar changes may, however, argue that daily 
values may be adversely affected, and such changes 
obscured, by uneliminated atmospheric variations, but 
that real long-period solar changes will appear when the 
accidental features of the daily values are eliminated 
by averaging a large number of observations. This 
view has some plausibility, but when monthly means 
are correlated, similar close relations, where none should 
be found, are still in evidence as shown by thé high 
correlation coefficients in Table 3. These coefficients 
are based on the 75 monthly means available for 15 
years at Mount Wilson. 


TaBLE 3.—Correlation coefficients between monthly mean values of 
solar radiation elements at Mount Wilson, 1905-1920 


n=75 
Eo Ao Al Ao a (at .8) p. w e 
E’o +0.85 | +0.45 | —0.48 | —0.60 | —0.67 | —0.64 | +0. 42 |-._-.-_-- 
+.56! +.12]) —.35| —.54| —.66} —.31 
+.62| +.43| —.33| —.35 |) —.48 
+.84 +.62) +.58 |! —.80 |! —0.57 
+.83 | 1 —.60 | | —. 50 


1 Exclusive of the years 1912 and 1913, on account of Katmai dust causing abnormally 
pressed values of a and Ai. 


The correlation between E’, and a at wave length 
0.84 is —0.64 +0.05, as compared with —0.61 for the 
daily values. As in the case of the latter, this high nega- 
tive correlation where none should exist, forbids any 
conclusion that the monthly differences of LE’, represent, 
even approximately, real solar changes. 

If solar changes occur from month to month, there 
should be a positive correlation between EH’, and A, 
(Criterion 6), and less correlation, but still positive, 


5 More clearly to reveal the fact. that the daily values have a high negative correlation 
the formula employed must exclude the influence of the marked seasonal variations in 
®, which strongly affect the coefficients obtained by the ordinary method. This is 
accomplished by the formula used in the nt instance. Thus, the Mount Wilson 

8 selected by Abbot in his paper ‘The temperature and radiation of the sun,” 
(Astrophys. Jour., 1916), to prove the nonexistence of an alleged negative correlation 

Ween a and Zo, yield by the ordinary method only —0.06 +0.10, an apparently negli- 
gible amount. Correlating the same data by the method used in this paper gives a 
coefficient of —0.58 0.07. 

On days when the intensity at a large air mass, As for example, is very low, there is 

Slow real value of a; but with the tendency to increased transparency toward midday, 
uently characteristic of such days, a, the a nt transmission as measured by the 
of the line joining the low and high sun observations, is too low and there result 
high values of Ao. With a high value of As, on the other hand, there is associated 
8 high real value of a, but since there is on such days a tendency toward decreasi 
derabarency, caused by strong convection and increased evaporation, the dep 
orRe of the ine causes too high values of the apparent transmission and too low values 
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between £’, and A,. These observations over a period 
of 75 months, however, show a high negative correlation, 
—0.60 +0.05, between E’, and A, which is to be inter- 
preted as additional striking evidence that the fluctuations 
of even the monthly means of EZ’, at Mount Wilson 
are caused by atmospheric and terrestrial rather than 
solar changes. The value A, is a purely terrestrial datum 
obtained by practically direct observation. 

The correlation of E, with A, is less than that of E’,, 
while for EZ, and A, there is a small positive correlation. 
This may mean that £, is a more representative value of 
the solar constant than Z’,. It is more probable how- 
ever that it means simply that the systematic influences 
tending to cause a high negative correlation of #’, with 
A, are somewhat less operative in the case of £,. 

Incidentally, it may be stated that the correlation 
between the monthly means of £’, and the monthly 
sunspot numbers is —0.29 +0.07, certainly very slight 
evidence of relationship. On the other hand, the 
correlation of the sunspot numbers with a purely terrestrial 
datum, A,, is +0.56+0.05. There is as yet no satis- 
factory interpretation of this rather large coefficient. 

The intensity, A,, has, as must be expected, a high 
negative correlation, —0.77, with the precipitable water. 
Mean monthly values of these elements in Table 4 below 
show well marked annual periodicities with phases in 
i. e. Maximum p. w. and a minimum A, in 

, which is consistent. with the high negative correla- 
tion. The negative correlation between p. w. and a, 
— .60, is also consistent. with the opposition in phase, of 
their annual fluctuation. 


TaBLE 4.—Monthly means of solar radiation elements at Mount 
Wilson, 1905-1920 


Element | May. | June | Joly | Avg | Sept. | Oct. | Nov. 


(mm)| 7.0 11,7 IL 1 9.5 8.4 5.1 
FL A ie aes 1. 398 1. 370 1. 370 1. 393 1. 413 I. 430 
1Ko (cal.).-| 1.935 1,945 1. 946 1, 945 1.940 1. 989 1. 931 
889 887 - 887 894 900 - 910 
e(mm)....; 46 5.3 5.9 58 | 5.0 44 3.8 


Progr sya values in 1912 and 1913 were disregarded in deriving the means for EZ’, 
2, and a, 

The high negative correlation, —0.60+0.05, Table 3, 
between EF’, and A,, derived from the month to month 
changes, should likewise lead us to infer an annual 


. periodicity in E’, opposite to that mm A,. The mean 


monthly values co this deduction from the corre- 
lation coefficients. The positive correlation + 0.42, 
between p. w. and E’,, is likewise confirmatory. 

The existence of this annual period is further evidence 
of the unreliability of EH’, as a measure of solar intensity. 

The mean variability of the data at Mount Wilson.— 
Considering now the other statistical index utilized, there 
are found similar close relations between alleged solar 
and purely terrestrial data. 

The mean value and the mean variability of a number 
of solar radiation elements as computed®or each year for 
Mount Wilson are shown in the following Table 5 with 
the averages for the whole period, excluding 1912, when 
the Katmai dust caused abnormal yearly means and an 
excessive scatter of all data. These yearly mean varia- 
bilities are derived from day-to-day changes, averaging 
about 75 per year. This measure of dispersion is inde- 
pendent of any systematic or secular variations occurring 
in one variant and not in the other; moreover, as alread 
pointed out it is through the day-to-day changes that 
and a are so closely related. 
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TasLe 5.—Yearly means and yearly mean variabilities of solar 
radiation data at Mount Wilson 


Yearly mean Mean variability (+) 
Year a e As a Eo Ao A 
mm, cal, cal, cal. 

0. 896 7.4 1. 397 0.018 0. 040 
893 6.2 1. 395 -013 . 033 
886 48 1. 379 033 038 0. 033 
895 5.3 1. 400 -013 036 041 041 
. 900 5.4 1. 408 012 036 043 039 
902 5.1 1. 428 - 036 041 034 
. 837 5.0 1. 229 030 072 059 049 
48 1.314 016 044 047 040 
892 6.1 1, 374 .014 . 034 045 041 
895 44 1, 413 -012 027 047 043 
888 5.2 1, 382 015 - 030 044 033 
881 5.5 1, 353 -017 032 041 
888 5.6 1. 368 -017 032 048 045 
. 884 4.6 1. 360 .014 024 043 045 
886 5.5 1. 353 017 031 042 . 048 

Means....- 890 5.6 1. 380 014 033 043 040 


Table 5 shows the relative amounts of scatter ex- 
pressed in calories for A;, A,, and E,. The average 
yearly mean of A; is 1.56 cal.; of A, 1.74 cal. A part 
of the scatter of A, is due to the error of extrapolation 
from the high sun observation, the air mass varying 
from about 1.2 in June to 1.5 in October. 

This is shown by the small values of the correlation 
between A, and a, +0.40 at Mount Wilson, in latitude 
34°, Table 1, and +0.38 at Cordoba, in latitude 31°, 
Table 2. At La Quiaca, on the other hand, in latitude 
22°, the correlation is +0.50. The smaller coefficients 
at higher latitudes are very likely due to increased 
scatter involved in extrapolation from a larger air mass. 

Extrapolation increases scatter at air mass zero but 
reduces scatter due to day-to-day changes in air trans- 

arency. The net result, however, as shown by Table 5, 
is that the scatter of A, differs but little from that of A,. 
At Mount Wilson the mean variabilities of these values, 
in percentages, are A;, +2.57; <A,, +2.47. At La 
Quiaca the variabilities are A; +1.34; A,, +1.28. 
At Cordoba the percentage variability of A for various 
air masses is as follows: Ay, +12.3; A,, +8.6; A,, +5.3; 
A,, +3.7; A,, +4.0. 

It is clear, therefore, that the error of extrapolation is 
responsible for a very considerable part of the scatter of 
A,, and for a still larger proportion of the scatter of A). 
Since the correlation of A, and £, is very high, +0.71 
(Table 1), it is inferred that the scatter of E, is very 
largely of terrestrial origin. 

e yearly means in Table 5 show rather high corre- 
lation. Between a and A,, it is +0.87. (Criterion 1.) 
Some of the data in this table are plotted in Figure 1. 
It is clear that the yearly scatter of Z, varies directly 
with the scatter of a ron 4 inversely with the mean in- 
tensity A,. (The scatter of EH’, is only 1 per cent less 
than that of Z,.) The correlation between the data of 
curves 1 and 2 is +0.87+0.05; between curves 1 and 3 
it is —0.74+0007, the latter curve being inverted. 
(These correlations were computed by the ordinary 
method, there being only 15 values.) It will be seen that 
in 1912, the year of the Katmai eruption, and to a less 
extent in 1913, the scatter of Z, and a was abnormally 
increased and the intensity A, decreased. (Cf. Criteria 
4 and 6.) 

In curve 1 a dotted line drawn from 1911 to 1914 
shows the probable course in the intervening years if 
the Katmai dust had not prevailed. Thus adjusted, 
curve 1 shows a high correlation with curve 4, the mean 
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vapor pressure. Theoretically, the correlation between 
these elements should be zero. (Criterion 5.) 

Here again, the yearly data, based on more than 1,000 
daily values, show high coefficients where zero correla- 
tion should exist, and confirm the previous inference 
from the monthly means and the daily data that a very 
large part, if not all, of the variations in E, must be ascribed 
to atmospheric causes. 

Smallness of possible solar variation shown 
decrease in scatter of all data with increasing altitude.—If 
solar variations are a large part of the day-to-day changes 
in E,, or derived values of the solar constant, and the 
errors are small, then the higher in the atmosphere the 
daily observations are made, the more must the errors 
diminish and the variations of EK, become relatively 
greater. What do the data show? 

There are available for this purpose observations at 
the following stations: Washington, 39° N.; Mount 
Wilson, 34° N.: Mount Whitney, 37° N.; Teneriffe, 28° 
N.; Bassour, 36° N.; Calama, 22° S.; La Quiaca, 22° S.; 
La Confianza, 22° S.; Cordoba, 31°S. Washington and 
Cordoba are low-level stations having somewhat similar 
characteristics. Mount Wilson is a peak well within the 
limit of the lower convection currents. Mount Whitney 
has an elevation above the lower convection layer, insuring 

eat steadiness of atmospheric conditions except for 

ocal ascending currents near midday in the vicinity of 
the peak. La Quiaca and La Confianza are on a high 
plateau in a dry region. 

The mean variability ’ of various elements for each of 
the stations is given in Table 6, and plots of the percentage 
variability for a and A; are shown in Plate 1, Figure 2, 
and for a and & in Figure 3. 


TaBLeE 6.—Mean value and mean variability of solar radiation 
elements at stations with elevations ranging from sea level to 
4.5 kilometers. 


Mean value Mean variability (+) 
Eleva- 
Years Stations tion, Per cent 
Ai a a A; | Ao | Eo 
cal. | mm, cal. | cal. | cal. 
1905-1907 .| Washington. 10 | 1.364 | 6.0 /0.818 /0.051 |0. 098 |0. 112 |0.115 | 6.5 | 68 
1912-13...| Cordoba....| 450 | 1.440 | 9.0 | .828 | .081 | .052 | . 067 |....-- 3.8 | 3.7 
8 ALTE Bassour..... 1, 160 | 1.456 | 7.8 | .856 | .027 | .042 | .045 | .060 | 3.3 2.9 
1.340 | 7.2 | .801 | .041 | .069 | .083 | .084 | 5.1] 5.1 
1908-1920.| Mount Wil- | 1,750 | 1.560 | 5.0 | .890 | .014 | .089 | .044 | .084/ 16/25 
son. 
1. 494 | 5.0 | .844 | .030 | .049 | .059 | :070 | 3.6 | 3.3 
1918-19. Calama...-.- 2,200 | 1.590 | 6.0 | .902 | .010 | .035 | .033 | .026 | 1.2| 22 
1913 La Quiaca 1.700 | 1.5 | .903 | .008 | .023 | .024 0.9) 14 
ei Mount Whit-| 4,420 | 1.700 | 2.5 | .930 | .006 | .015 |......)_...-. 0.6 | 0.9 
ney. 
La Confi- | 4,460 | 1.740 | 1.3 | .920 | .004 | .014 0.4} 68 
anza. 


It should be borne in mind that the mean variabilities 
of these pyrheliometric observations at different stations 
are comparable, although the instruments or the methods 
of reading them may not be standardized to yield com- 
parable absolute values. As should be expected (cf 
Criteria 7 and 8), wide fluctuations in the observed 
intensity, A,, associated with similar fluctuations in the 
transmission coefficient, a, occur at sea level with the 
entire mass of absorbing and scattering atmosphere 
above the station. Thus at Washington the mean 
variability of the two elements is about +7 per cent. 


‘ da | ratio of the probable error to the mean variability is 0.60; to the mean deviation 
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On the other hand at the extreme highest stations the 
variability of A, is reduced to +0.85 per cent. 

It is clear, therefore, that the pure pyrheliometric data 
show progressively less scatter as we ascend in the 
atmosphere, and furthermore that the percentage varia- 
bility of the scatter of a is approximately equal to, and 
— part — with that of A; as shown by the 

delity with which the data lie along the line, drawn 
at 45°, joining equal percentages of mean variability of a 
and A,. 
The inference from the diagram is that at still higher 
elevations the variations of A, would show a propor- 
tional decrease. If, however, real solar variation exists, 
the line joining the variabilities of a and A, would, at 
the limit of the atmosphere, intersect the x-axis at an 
appreciable distance to the right of the origin. The 
scatter of a would vanish, and the scatter of A,, exclusive 


Date 
1905 06 (08 Wt 2 3 
£, mean solar constant | | 
A, extrapolated intensity (air mass 10) ° 
‘Ae observed intensity (air mass 2.0) 
= 
— 
Fig.l 
weshingion 
60 
Elevations 
Cordoba OS year) 
Wilson 4 
Galama 22 ond 4, 
leo Quiaca 
Mt Whitney 44 Cordoba 1913-14, 
Bassour 4 a 
Fig. 3 
a and E; 
20 Mt Willson 1905-20 ~ 
Wilson 905-20 
~Calama 
Quiaca WZ 
Mt Whitney (909-10 
Mean Percentage Variobi'tty of Eo (%) 


PLATE ees ee of solar radiation elements at Mount Wilson and spo sami 
centage variability of a, A1, and Zo, at Smithsonian and Argentine observing ms 


of instrumental error, would obviously coincide with 
that of the real Z, at this point. 

Figure 3 shows a similar progressive decrease in the 
scatter of HZ, as the elevation of the station increases. 

e stations are those of the Smithsonian Institution 
and the values for EZ, are those made by the long method 
only, and hence are entirely comparable. The scatter 
of the values obtained by the pyranometer method at 
Calama is about half that by the long method. The 
closeness with which the data lie along the 45° line is 
remarkable and indicates correlation in excess of +0.90 
between the variations of a and E, at different stations. 

The small value of the scatter of EZ, at Calama, for 
example, is due entirely to the correspondingly small 
Scatter of the atmospheric transmission ebatiicient at 
this point, and hence can not be held to result from any 
hes in the method of reduction. 
at the observations show, therefore (figs. 2 and 3), 
'8 a very rapid diminution of all variations, both of the 
Itensities A, and KH, and of a. If solar variability 
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formed even one-half of the variations of A, at Mount 
Wilson or Calama, the latter should cease to diminish, 
even rae 4 the variations of a vanished altogether. 
Instead, the variations diminish pari passu almost 
as if they would vanish at the same time, and one is 
compelled to interpret those results as fixing the range 
of possible solar variation, if it exists at all, as only a 
small fraction of 1 per cent. 

Smallness of possible solar variation shown by small 
scatter of A, at very high altitudes—There are data avail- 
able from four stations, all occupied before 1914. K. 
Angstaten made a series of observations of high merit 
at Teneriffe in 1896, June 21 to July 3. At Alta Vista, 
3,260 meters, observations were taken near midday on 


eight days and the mean of the maximum intensities 


was 1.612 cal., with a mean deviation of +0.010 cal., 
or +0.62 per cent. At the Peak, 3,700 meters, observ- 
ations were obtained on two days, the difference between 
them being 0.008 cal. The 10 observations yield a mean 
deviation of +0.54 per cent. The air mass in no case 
exceeded 1.01. The mean vapor pressure was 2.8 mm. 
At Alta Vista the correlation between the observed 
pressure and the maximum intensity, A, is +0.65. 
Applying a correction to the data, A, for variation in 
pressure, the mean deviation is reduced from +0.62 
per cent to + 0.47 per cent. 

gstrém made eight simultaneous readings with the 
two instruments he employed there. The means of the 
two series of readings were identical, and from the mean 
of the differences between them, +0.011 cal., the prob- 
able error of a single observation by one instrument is 


computed to be ox ss +0.41 per cent. The max- 


imum — at Alta Vista, corrected for pressure, 
gave a mean deviation of +0.47 percent. The probable 
error would be 85 per cent of this, or +0.40 per cent, 
which is about the probable instrumental error. : 

In 1909 and 1910 Abbot made observations at Moun 
Whitney, four of which he reduced and published in 
Vol. ITI of the Annals. These four days, together with 
a fifth day of high grade, August 25, 1909, yield a mean 
deviation of +0.47 per cent from the mean of A,, 1.70 
cal. The mean vapor pressure was 2.2 mm. 

In August, 1913, A. K. Angstrém made observations 
on eight days at Mount Whitney. Bigelow’s determin- 
ation of A, from strém’s data gave a mean of 1.664 
cal., with a mean deviation of +0.54 per cent. The 
mean deviation of the transmission coefficient, a, was 
+0.55 percent. The smallest air mass ranged from 1.09 
to 1.80. The mean vapor pressure was 2.7 mm. 

In August and September, 1913, 
observations on eight days were made at La Confianza 
under the direction of Bigelow, and his reductions show 
a mean value of A,, 1.740 cal., and a mean deviation 
of +0.59 per cent. Mean vapor pressure was 1.3 mm. 
The mean. deviation of a was +0.32 per cent. 

These four independent series, at elevations ranging 
from 3.25 to 4.5 km., yield mean deviations of A,, ranging 
from +0.47 per cent to +0.59 per cent, with an average 
of +0.54 per cent. While the total number of the 
observations, 31, is not large, yet in view of the note- 
worthy a of the results it seems reasonable to 
infer that at an elevation of 4.0 km. on days of a high 

ade of excellence with vapor pressure 2.0 mm. or less, 
the mean deviation of A, will average not greater than 
+0.50 per cent of the mean, and the probable error 
around +0.40 per cent. 


4 
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Smallness of possible solar variation shown by small 
scatter of A, on days with low vapor pressure.—(a) 
at La Quiaca.*—Values of A, for 1913 were grouped for 
~~ ranges of vapor pressure and the results are shown 
in Table 7. 


TaBLE 7.—Influence of atmospheric water vapor on values and 
scatter of A; at La Quiaca 


Range of Mean 
Cases vapor value 
pressure | Ar 
mm. 3 per cent cal 
19 0.4 to 0.7 0. O11 0. 62 1. 780 
31 0.4 to 1.2 017 - 95 1. 760 
26 L3 to 2.2 023 1. 34 1. 720 
19 2.3 to 4.7 029 1.75 1. 650 
9 4.8 to 6.2 031 2. 00 1. 580 


1 These cases are included in the 31 cases with range 0.4 to 1.2. 


The relation between A, and the vapor pressure is a 
linear one for values of e less than 5.5 mm. For each 
decrease of one millimeter in the vapor pressure there is 
an increase of 0.044 calories in the value of A,. The 
value of A, corresponding to zero vapor pressure is 1.800 
calories. A plot of the above tabular values for the mean 
vapor pressure and the mean variability of A, shows that 
the relation between these two variables can be represen- 
ted by a curve whose intersection with the axis at zero 
vapor pressure corresponds to a mean variability of 
+0.010 calories for A,, or +0.56 per cent of 1.800. The 
approximate probable error is +0.35 per cent. 

e La Quiaca data thus fully confirm the results 
from the four fragmentary series above cited. The 
probable error of the best observations at air mass 1 with 
vapor pressure averaging 0.5 mm. is about +0.40 per 
cent. 

These high level observations, five independent series, 
were all made prior to 1914, and give closely accordant 
results, showing that at elevations of 3.5 to 4.5 km. on 
excellent days with vapor pressure averaging 1.5 mm. 
the probable error of the extrapolated intensity A, is 
about +0.40 per cent. 

(b) at Mount Wilson.—A selection of 53 determinations 
of A, at Mount Wilson during the years 1910 to 1920, 
exciusive of 1912 and 1913, comprising all days with 
SS water 3.5 mm. or less, and of very good or 
excellent grade, — a mean variability of +0.98 
per cent, a mean deviation of +0.80 per cent and a prob- 
able error of about +0.65 per cent. The mean variabil- 
ity of E, during these years was about +1.6 per cent, 
and the probable error about +1.1 per cent, or 0.60 

er cent greater than that of A, on high grade days. 

hese 53 selected days must be regarded as a random 
sample, and because of this the probable variation of 
true solar variation on these days should not differ much 
from the variation based on all days. This value of the 
probable error of A, on high grade days at Mount Wilson, 
is consistent with the value, one-third less, derived from 
stations at elevations of 3.5 to 4.5 km. 

(ce) at Calama.—The probable error of the values of A, 
at Calama during the years 1918 and 1919, grouped in 
accordance with amounts of precipitable water varying 
by half a millimeter, was +0.66 per cent for initadin ot 
precipitable water averaging 1.0 mms., and increased to 


8 It should be stated that a careful examination of the La Quiaca data show that a 
marked discontinuity in the value of A; occurred about the middle of May, for some 
unaccountable reason. The mean values of A; and ¢ for the month ending the 16th was 
1.687 calories and 1.8 respectively. For the remainder of the month the means were 
1.760 and 1.7. Thus with a nearly constant vapor pressure the value of A; was higher 
by 0.07 cal. The two series were regarded as each homogeneous, but in computing the 
mean variability the discontinuity was allowed for by taking the weighted average of 
the separate mean variabilities of the two series. 
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+0.74 per cent for amounts averaging 4.0 mm. 

this time the probable error of EZ, was about +0.90 per 
cent. It is probable that the = prevalence of dust 
at Calama was partly responsible for the increased amount 
of scatter there as compared with Mount Wilson. 

The source and extent of the variations in A;.—These 
may be summarized as (a) Solar variations. Small 
fluctuations are possible but not proved. (6) Atmos- 
~~ variations, caused by the absorption or scatter 

y the variable contents, aqueous vapor, ice crystals 
and dust. The amount of these variations decreases 
with increasing altitude. (c) Errors of observation, 
nearly constant at all altitudes. These include the 
error of extrapolation to air mass one, already discussed 
and the instrumental error. The probable error of a 
single observation by a co oe pyrheliometer is 
stated by Abbot (Annals , p- 162) to be + 0.37 per 
cent, while for the silver-disk instrument the probable 
error is +0.20 per cent. This latter value is doubtless 
too low for observations under average observing con- 
ditigns. The Mount Wilson observations were made 
with a copper-disk instrument, as were the early observa- 
tions on Mount Whitney. Bigelow’s observations in 
South America were made with a silver-disk instrument. 
Of the Angstrém observations nothing is known beyond 
the determination of the probable error of the instru- 
ments read at Teneriffe in 1896, which, as stated above, 
was +0.41 per cent. 

If the probable error of A; at 4 km. be regarded as 
+0.40 per cent, and the probable instrumental error be 
placed at +0.30 per cent, it is obvious that after allow- 
ance is made for residual atmospheric variations, and 
error of extrapolation, little is left for solar variation. 


CONCLUSIONS 


Summarizing the foregoing analyses, it is found (1) 
that the fluctuations of all day-to-day, and even monthly 
and yearly mean values of the solar constant are so 
unmistakably correlated with the transparency of the 
atmosphere, with its water vapor content and seasonal 
characteristics that they can not be regarded as even 
approximate values of real changes in solar intensity. 

2) That whether the comparison is made between 
measurements of intensities and their scatter, made at 
widely different times and at stations differing greatly 
in altitude and therefore in actual air mass, or between 
intensities, as if at air mass one, and their scatter, at 
different high-altitude stations where skies are clear a 
water vapor content nearly zero, we arrive at the one 
result, that day-to-day and other short-interval fluctua- 


tions become progressively smaller, the dryer, clearer, | 


and lesser the air mass through which incoming radiation 
passes before reaching the measuring instruments. 

All these results point to the conclusion that if one 
could but wholly remove the atmosphere with all its 
depletions and fluctuations of intensity of transmission, 
and all instrumental errors, scarcely any variations of 
radiation intensity would remain. The results are the 
more satisfactory because the data from whatever source 
tell the same consistent story, notwithstanding that the 
observations in some cases are few, made at widely 
different times, at widely separated stations, and by 
different observers using entirely different instruments. 

If it be conceded that small solar changes mee 
to perhaps one to two-tenths of one per cent (measur 
as a probable error) are possible, it still remains necessary 
to prove their existence. In the meantime, one can 
scarcely fail to be impressed with the evidence for the 
almost absolute constancy of solar radiation. 
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TEMPERATURE AND HUMIDITY OF THE UPPER AIR AT SAN DIEGO, CALIP. 


By Lieut. B. H. Wrart, U. 8. Navy, San Diego, Calif. 
Abstracted by L. T. Samuels 


For the past three years the Naval Aerological Observ- 
atory at San Diego has been making free-air observations 
of temperature and humidity by means of airplanes. 
These observations were inaugurated primarily in order 
to determine densities aloft in connection with fleet 
target practice. It was soon decided, however, to con- 
tinue the flights both for additional information with 
regard to the upper air and also to determine their value, 
if any, in relation to weather forecasting. 

The instrument (aerograph) is suspended between the 
wings of a plane and a j panei record obtained of tem- 
perature, humidity, and pressure. In addition, notes are 
made upon general weather conditions as observed from 
the air, cloud altitudes, visibility, etc. Wind directions 
and velocities are determined from simultaneous pilot 
balloon observations. The average altitude reached has 
been between 6,000 and 8,000 feet. The following ex- 
cerpts are quoted from Lieutenant Wyatt’s paper: 

Perhaps the outstanding feature of the records obtained, other 
than their apparent value in forecasting, is the t inversions of 
temperature found to exist on practically every day of the summer 
season and on numerous occasions during the so-called winter 
season. During the months of June, July, August, and September 
1924, every flight made, except one in the month of August, showed 
an inversion of temperature, the magnitude of the inversion vary- 

.ing between approximately 10° and 20° F. The inversions were 
usually found to begin at an altitude between 1,200 and 2,500 
feet above the surface and to extend ere a layer approxi- 
mately 2,000 to 3,000 feet through. Practically every flight made 
during those months showed an increase in relative humidity from 
the surface up to the start of the inversion of temperature, after 
which it fell rapidly. At no time did the inversion extend above 
6,000 feet, and temperature had usually started to fall before 5,000 
feet had been attained. Pressure distribution during these months 
showed continuous low or relatively low pressure over the Colorado 


Basin, no map showing a pressure greater than 29.90 inches. 


Temperatures reported from this region of low pressure were above 
100° F. Winds aloft over San Diego during the times of these 
flights invariably showed a layer of winds with an easterly com- 
ponent a few hundred meters above the surface, or else very light 
winds to calm. 

It has been noted that very frequently the upper limit of haze 

or fog or cloud marks the start of the inversion, visibility usually 
being considerably improved through and above the inversion of 
temperature. Practically every flight that shows an inversion of 
temperature and an increase in humidity with a decrease above, 
‘was made at a time when the southwest semipermanent area of 
low ge was well developed. 
Other flights made show no inversion of temperature and a low 
relative humidity at the surface decreasing from the surface up- 
ward. It has been found that when these conditions are present, 
the pressure distribution shows that the weather is under the 
control of high pressure over the Southwestern States, and from the 
facts in the case this is what one would naturally suppose from 
the theory that the atmosphere in a high-pressure area is descend- 
ing.' In the record of the flight for November 28, 1924, no inver- 
sion was encountered, both temperature and relative humidity 
decreasing from the surface to the limit of the flight. Pressure 
distribution on that date shows a nigH centered over northern 
Nevada and southern Idaho, Boise reporting a barometer reading 
of 30.60 inches, and a relatively steep pressure gradient existing 
to the northeast of San Diego. The records showing these char- 
acteristics also fall into a definite class of pressure distribution. 


1The latter half of this sentence was evidently written under misapprehension as to 
Q the present view of the theory that the air in anticyclones is descending, and (2) the 

ect of a descent of air on its relative humidity. 

(1) The idea is no longer held that there is an active descent of air in anticyclones 
éxcept very locally along the fringes of the mass of cold air at the earth’s surface, and 
even here the descent is through a small vertical extent. The great body o! air settles 
With extreme slowness. Sir Napier Shaw has calculated the rate to be about 86 meters 
Per day for the North Atlantic anticyclone, and for small anticyclones, 3 to 5 times as 
much. Hence as regards relative humidity changes, these must be controlled by factors 
other than adiabatic heating induced by descent. 

(2) If anticyclonic air did actively descend, its relative humidity would decrease from 

to bottom, not from bottom to top, obviously because adiabatic warming increases 
the capacity of air for water vapor.—b. M. V. 


In another class are those records that show no inversion of tem- 

rature and either high relative humidity within the limits of the 

ight or an increase of humidity up to certain limits, and it is 
these records that have been of value in the forecasting of precipita- 
tion. The flight made on October 6, 1924, was the first flight 
made that showed these characteristics very definitely and pre- 
cipitation occurred on the night of that date. The record of this 
flight shows that the sky was practically overcast with strato- 
cumulus clouds at an elevation of 5,000 feet. Temperature fell 
during the entire climb except when emerging through the cloud 
bank where a slight inversion occurred after which temperature 
continued to fall. Relative humidity increased from the surface 
upward except when passing through inversion of temperature. 
Pressure distribution on the morning of this date showed high 
pressure over the entire country east of the Rocky Mountains 
and a low pressure area centered at Tonopah, Nev., that station 
reporting a barometer mags of somewhat lower than 29.70 
inches. During the night, the low-pressure area had moved some- 
what to the southeastward and was centered at Flagstaff, Ariz., 
and the following morning relatively high pressure showed along 
the entire Pacific Coast. 

The flight for December 17, 1924, shows no inversion and an 
increase in relative humidity with altitude and shortly thereafter 
precipitation occurred. Of 24 records showing these characteris- 
tics, 18 were followed by precipitation, usually occurring during 
the night following the fig t. 

Although there has been insufficient data collected upon which 
to form any definite conciusions, there seems to be no doubt of the 
value of the flights in regard tc forecasting and it is hoped that 
with the additional collecting of data, many facts hitherto un- 
known will be made apparent and that knowledge of them will 
increase the percentage of verification of forecasting in this locality, 
particularly in regard to precipitation. Often when there has been 
a doubt as to whether to issue a rain or fair weather forecast, the 
writer has waited until after the aerographic flight was made and 
if the the record showed these characteristics, a rain forecast was 
issued and in only one case where the forecast was based upon the 
aerographic flight record was the forecast of precipitation a failure. 
During the month of February, 1924, when precipitation occurred 
on three successive nights with clearing weather during the day, 
the forecast of rain was issued solely upon the indications of the 
flight record and was verified 100 per cent for the storm. 


DEVELOPMENT AND PRESENT STATUS OF FROST- 
FIGHTING DEVICES 


By Fioypy D. Youne 
[U.S. Weather Bureau, Los Angeles, Calif.] 


Nearly nineteen hundred years ago the Romans were 
attempting to protect their vineyards from damage by 
frost by building smudge fires. This method is still in 
use in some parts of the United States, although careful 
experiments have demonstrated that a smoke cover alone 
affords little protection. 

Apparently the first actual “orchard heating,” as dis- 
tinguished from “smudging,” on the Pacific coast was 
carried on in orange groves near Riverside, Calif. durin 
the years 1897-1899. Coal baskets made of large mes 
heavy wire screen were set in the orchards at the rate 
of 40 baskets to the acre. Good results were obtained. 

The use of oil-burning orchard heaters on a large scale 
appears to have begun about 1905. They were at first 
simply open pans, which gave off large quantities of 
black smoke and soot. Following the disastrous freeze 
in southern California in 1913, the “low-stack”’ oil 
heater came into more general use. The amount of 
smoke and soot was thus reduced somewhat, but com- 
bustion was still far from satisfactory. 

Between 1915 and 1918 the so-called “high-stack”’ 


heater began to make its appearance. These heaters 


are more nearly smokeless than any other type that has 
been put on the market in commercial quantities. Dur- 
ing a warm day, they will, with draft —e regulated, 
burn with practically no smoke. But when hundreds or 
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thousands are burning together on a cold night, with 
little or no careful regulation, considerable smoke results. 

In 1917, when the Weather Bureau fruit-frost service 
was begun, orchard heating was in bad repute, due to 
the use of poor equipment, too few heaters to the acre, 
inaccurate thermometers, over-sleeping, etc. The acre- 
age protected with heaters was decreasing from year to 
year, and the smoke problem was not acute except in 
one or two localities. During recent years, however, 
the protected acreage has increased by leaps and bounds. 
During the winter of 1924-25, there was so much orchard 
heating that considerable objection to the smoke and 
soot resulted. 

The townspeople in fruit growing communities have 
been looking for improved smokeless methods of protect- 
ing the fruit, but they have not been working alone. 
Orchard heating is an extremely disagreeable chore at 
best. The grower therefore has a double incentive to 
develop some new method of frost protection. This 
is as it should be, if it were not for the fact that both 
growers and wk bgp have been so eager for a solu- 
tion of the problem that they have grasped at straws. 


_Every new scheme has immediately gathered a host of 


enthusiastic supporters. 

It has been the policy of the fruit-frost service to test 
each new device for frost protection as soon as it has been 
placed on the market ‘Tests are made in the orchards 
and only on frosty nights, so that the result will be con- 
clusive. We then make public our findings through talks 
at fruit growers’ meetings, magazine and newspaper 
articles, and by correspondence in reply to written 
requests for information. 

arly in 1920 we published a short paper showing that 
poe gee oe inversion on most frosty nights in southern 
California is very strong. Immediately several inventors 
set to work to devise machines to keep the air mixed to a 
considerable height above the ground and prevent strati- 
fication. The problem appeared so simple that growers 
easily were led to believe the extravagant claims made by 
the inventors and their salesmen. 

The first machine tested was very crude. It consisted 
of a horizontal fan with four blades 6 feet in —— placed 
on the top of a 15-foot tower and turned at the rate of 
about 100 revolutions per minute by a gasoline motor, to 
foree down the warmer air lying above the orchard. 
Later, orchard heaters were placed in a ring about the 
base of the tower to further heat the descending air. The 
machine was a complete failure. 

The second machine consisted of a centrifugal blower, 
connected to a vertical pipe the upper end of which was 
about 15 feet above the ground. elbow at this es 
end turned the stream of air horizontally outward. By 
rotating the pipe the air was discharged in any direction 
desired. As was to be expected, this machine also failed 
to ish it purpose. 

It would have been a simple matter to demonstrate 
theoretically that neither of these machines had any hope 
of success, but a thorough field test was necessary to con- 
vince the growers. In spite of the wide publicity given 
the results of these tests a stock company was organized 
to manufacture and market the first machine, and several 
machines of the second type were actually sold. Fortu- 
nately the following winter was unusually cold and the 
= soon were convinced that they had been 

The third machine (fig. 3) was erected for experimental 
purposes in a lemon grove by an association of fruit 
growers. A 15-inch sheet-iron pipe was placed upright, 
with its upper end 35 feet above the ground. Near its 
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base a 40-inch centrifugal blower operated by a 20-horse 
power gasoline motor drew air down through the pipe to 
two outlets, one of which discharged it downward against 
the ground, the other throwing a current horizontally 
over the tops of the trees. The two outlets were used 
independently at different times. Two small oil burners 
were connected with the vertical pipe, so that the heated 
gases were drawn directly into the blower and mixed with 
the air brought down from the 35-foot level. 

Some very interesting results were obtained with this 
machine. ithout the furnaces in operation the tem- 
perature of the discharged air averaged 6° to 7° higher 
than air at the same elevation in the orchard. With the 
furnaces the temperature at the outlet was about 35° 
higher than in the orchard. The volume of air discharged 
was too small, however, to affect the temperature in the 
orchard appreciably, and when the furnaces were operated 
the warm air passed upward so rapidly that it soon was 
lost. Also it was not possible to force the air stream more 
than a few feet against the natural drift in the orchard. 

The fourth machine tested was constructed on a rather 
heroic scale. It was built entirely of steel, on a concrete 
foundation, and was equipped with a six-cylinder, 120 
horsepower gasoline motor geared to a vertical shaft 
turning at 700 revolutions per minute a four-bladed air- 

lane propeller 40 feet above the ground. A large oil- 
Carding furnace was set between the propellor and the 
Ae mb to heat the descending air from the propellor. 

erforated water pipes furnished a spray with which it 
was intended to increase the humidity of the air as it 
was driven downward and outward by the machine. 
The furnace consumed 80 gallons of fuel oil per hour, 
and the motor 10 gallons of gasoline. 

The machine was set up in an orange grove of @ 
and heavily foliaged trees. On the night of the most fa- 
vorable test, the temperature was 30.1° in the orchard, 
and 36.6° at the edge of the apron below the propeller 
without the furnace being operated. The velocity of the 
air at this point was so great that it was practically im- 
possible to breath. But there was no visible evidence of 
air movement farther than 120 feet to the northward. 
Toward the west, in the general direction of the natural 
air drift, the movement could be noted somewhat farther. 
but the effect on temperature was slight at a distance of 
more than 125 feet. e temperature 50 feet west of the 
machine was raised 5° without the furnace in operation, 
and 8° with the furnace. The failure of the machine was 
due to its inability to spread the heated air over a large 
enough area. 

The fifth and latest ‘“wind-jammer,” (fig. 3) as these 
machines are called locally, is backed by almost unlimited 
capital. Some of the best known capitalists in Cali- 
fornia are said to be heavily interested in the corpora- 
tion. The machine consists of a large diameter pipe in 
the form of a right angle, with the bottom of the vertical 


portion about 25 feet above the Ground, pr by 


an open framework. Below the lower end of the pipe 18 
a large oil-burning furnace. A propeller set between the 
furnace and the pipe forces the products of combustion 
into the lower end of the pipe from the upper end of 
which they are discharged horizontally over fhe tops of 
of the trees at a height of about 35 feet above the ground. 
One machine is guaranteed by the manufacturers to fur- 
nish adequate protection for 10 acres. The first machine 
tested failed mechanically. Its effect on the tempera- 
ture was negligible. 

An all metal machine with a minimum number of ph 
was then designed, and a number of them were sold be- 
fore they could be thoroughly tested. During the cold 
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Fie. 1.—Machine developed to bring down warm air from above the orchards Ni 

onfrosty nights for distribution among the trees. Vertical galvanized sheet- ; 

iron pipe, 15 inches in diameter and 35 feet high x 

Fic. 2.—In this machine the airplane propeller, intended to bring down warm Fic. 3.—Latest type of machine designed to mix air strata on frosty mite and a 
air from above the trees, is 40 feet above the ground. The “barrel” of the thus to raise the temperature. An airplane propeller directly below the lower ai 
machine, below the roof, contains an oil-burning furnace, which heats the end of the large pipe throws a stream of air upward a it. An oil-burn- Ri 
descending air ing furnace heats the air before it reaches the propeller. The discharge outlet ; 
of the pipe is about 35 feet above the ground 
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Fig. 1.—Lard-pail oil-burning heaters set on metal stands in cranberry bog near Seaview, Wash. The 
heaters are used in the spring to protect the blossoms and buds from damage by frost, and in the fall 
to protect the berries 


Fig. 2.—Close-up view of heater on metal stand in cranberry bog. The three legs of the stand are 
forced into the ground several inches, so that the strong winds which sometimes blow in the district 
can not overturn tne heaters 


(To face p. 351) 
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periods of December, 1924, two of these machines were 

iven a careful test in a lemon grove near Pasadena, 

alif. One broke down immediately because of the set- 
= of the motor. The other was — running only 
with difficulty, because of pn ac of the motor, but 
it was operated throughout all the cold nights. It showed 
practically no effect whatever on the temperature in the 
orchard, even within a few feet of the base of the machine. 

Following the earlier tests, which showed that the 
temperature in the orchard was not raised appreciably, 
the officials of the company had claimed that protection 
against freezing of the fruit was afforded regardless of 
temperature simply by creating a breeze over the trees. 
In the latest test, however, this contention was entirely 
disproved. The fruit crop was a total loss, and the trees 
were defoliated and severely damaged. : 

This corporation has spent probably several hundred 
thousand dollars in experimental work, without much 
encouragement. At present it appears that the method 
will be abandoned. e machines cost several thousand 
dollars each, and it is believed that by discouraging their 

urchase the Weather Bureau has been instrumental 
in saving the growers a sums of money. 

Overhead sprinklers.— — the past two years several 
citrus growers have installed overhead sprinklers, for 
irrigation and frost fighting combined. Vertical pipes 
va age, he sprinklers at their tops are set at intervals 
which allow the entire grove to be sprayed. , 

From the beginning, we have done everything possible 
to prevent growers from counting on the efficiency of 
overhead sprinklers in protecting fruit from frost. 
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Despite this, several snipe citrus groves were equipped 


with them, mainly for frost protection. 

During the winter of 1924-25 a careful check on the 
effect of this artificial rain was made under actual frost 
conditions. The temperature was raised about 3°, but 
it was necessary to shut off the water after about two 
hours, because the heavy coating of ice threatened to 
strip the branches from the trees. We have thus been 
able to convince the growers that overhead irrigation 
for this purpose is not practical. 

To describe all the new heaters tested would exceed 
the limits set for this paper. They may be briefly men- 
tioned. First is the central heating plant. e fuel 
was burned in a large furnace, and the heated gases 
driven through large pipes through the orchard. Second 
is the covering of the trees with canvas tents. Third is 
the running of irrigation water in furrows in the orchard; 
this practice appears to have some value, but is effective 
only when the temperature does not fall much below the 
danger point. In a carefully conducted experiment, it 
was found that running water at a temperature of 72° 
in an orange grove held the temperature about 1.5° on 
the average above the outside temperature. Fourth is 
the use of coal briquets for orchard heater fuel. These 
were found to be satisfactory for protecting small acre- 

es, but high labor charges and other drawbacks make 

eir use inadvisable for large acreages. 

To sum up the matter, the orchard heater is today the 
only practical means of obtaining complete protection from 
low temperatures in a iy constant effort is bein 
directed toward finding some more satisfactory method, 


VALUE OF SMUDGE-POTS IN PREVENTING FROST IN CRANBERRY BOGS 


(Summary of a report by R. A. Wells and Perry Parker) 


By Fiorp D. Youne 


The Fruit-Frost Service of the Weather Bureau receives 
numerous inquiries regarding the practicability of using 
heaters to protect low-growing crops, such as strawberries, 
petnes and tomatoes, from frost damage. Tests con- 

ucted recently by Mr. Roy A. Wells, in charge of the 
Weather Bureau office at North Head, Wash., and Mr. 
Perry Parker, his assistant, to determine the amount of 
the temperature rise that can be obtained by burning fuel 
oil in lard-pail heaters on the cranberry bogs near the 
mouth of the Columbia River, are of considerable interest 
in this connection. The flooding of the bogs for frost 
protection, as is done in Wisconsin and the Atlantic coast 
cranberry sections, is not practicable in Washington. 

A one-half acre plot, equipped with forty 10-quart 
lard-pail oil heaters, was selected for the heating tests. 
The heaters are similar in shape to an ordinary lard 
pail, from which they take their name. They are 9 
inches in height, with a top 94 inches in diameter, and a 
bottom 8% inches in diameter. The “spider” is a 
removable disk, which is placed over the top of the 
heater, reducing the rate of fuel consumption. 

An instrument shelter was placed in the center of the 
plot, and another in a bog not equipped with heaters, 
about 300 feet distant, for a check on the outside temper- 
ature. Both shelters were set directly on the vines. The 
instrument shelter in the protected area was placed 15 
feet from the nearest heater. Exposed thermometers 
Were placed on the surface of the vines near both instru- 
ment shelters, for a check on the radiation temperature. 


The heaters were lighted on two frosty nights, Sep- 
tember 25-26, and October 10-11, 1924. On both nights 
a ground fog hung over the check plot at intervals, but 
no fog formed over the heated plot. During the first 
experiment the heaters were set on iron tripods, of the 
type shown in Figure 1, with the tops of the heaters 244 
feet above the surface of the vines. The heaters were 
burned with the so-called “soot arresters”’ or “spiders” 
in place, reducing the rate of burning about two-thirds. 
The maximum rise in temperature inside the instrument 
shelter, due to the heaters, was 2.9° F. The ground 
fog at the check station affected the temperature in- 
dicated by the thermometer exposed on the surface of 
the vines, so that a direct comparison between the exposed 
thermometer readings at. the two plots can not be made. 
However, by comparing the difference between the read- 
ings of the Eatin! and exposed thermometers in the area 
equipped with heaters before the heaters were lighted, 
with the difference while the heaters were burning, some 
conception of the effect of the direct radiation from the 
heaters on the temperature of the vines, may be obtained. 

Before the heaters were lighted the average difference 
between the readings of the sheltered and exposed 
thermometers was 5.1° F. When the heaters were 
lighted the difference was reduced to 1.4° F., making a 
rise of 3.7° F. due to the heating. Adding the rise of 
2.9° F. shown by the sheltered thermometer, to the 3.7° 
F. rise shown by the unsheltered thermometer, due to 
direct radiation from the heaters, a maximum effective 
rise in temperature at the surface of the vines of 6.6° F. 
is indicated. The average effective rise in temperature 
on this night was 5.1° F. at the surface of the vines. 
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When the heaters burned out in the morning there was 
a dry area about 4 feet in diameter and a frost-free area 
about 8 feet in diameter, around each heater. 

On the second night the heaters were set directly on 
the surface of the cranberry vines. The “soot arresters”’ 
were removed after the heaters had been burning one 
hour, increasing the rate at which fuel was consumed 
about three times. After an hour of burning at this 
rate, the dry area around the heaters was about 6 feet in 
diameter, and the frost-free area about 10 feet in diame- 
ter. An inverted cone, 2 feet in diameter, placed directly 
over one of the heaters, increased, the diameter of the dry 
area to 8 feet, and the frost-free area to 12 feet. 

The vines in a very small area around the heaters were 
scorched when the heaters were set directly on the 
surface of the vines. There was no scorching when the 
heaters were burned on the tripods. The effective rise 
in temperature at the surface of the vines, as shown by 
exposed thermometers laid directly on the vines, averaged 
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3.6° F. on the second night. The smaller rise was prob- 
ably due largely to the flame from the heaters being 
closer to the ground. 

The average gain in temperature on the two nights, 
due to the use of the heaters, was 1.7° F. inside the 
instrument shelter, and 4° F. on the surface of the vines. 

The frost on the two nights of the test caused about 15 

cent damage in the check plot. There was no damage 
in the plot equipped with heaters. 

The fuel oil burned in the heaters cost 6 cents per 
gallon in barrel lots. The cost of the oil burned was 96 
cents per acre per hour with the soot arresters in place, 
and $3 per acre per hour without them. 

The experiments conducted by Messrs. Wells and 
Parker indicate that it is practicable to protect. cran- 
berries from frost damage by the use of orchard heaters, 
at areasonable cost. It is believed that as good or better 
results can be secured in protecting other low-growing 
crops, using the same methods. : 


SAMPLING THE HIGHER ATMOSPHERE 


By W. J. Humpureys 


It seems practically certain that the percentages of 
the several gases of the atmosphere, except water vapor, 
are very nearly constant from the surface of the earth up 
to the base of the stratosphere, that is, throughout the 
layer of considerable convectional mixing. In the strato- 
sphere, however, where convection exists only feebly if 
at all, and each gas therefore is distributed substantially 
as it would be if it alone were present, these percentages 
presumably vary with ry those of the heavier con- 
stituents decreasing and those of the lighter increasing. 

If this be the actual condition of the stratosphere, as 
seems highly probable, then the composition and density 
of the atmosphere at any level in this region readily 
could be computed if we knew the temperature distribu- 
tion below that point. Now, the average temperature 
of the air at every level, from the surface of the earth 
up to the height of at least 30 kilometers, is well known, 
season by season, for many places. In the middle 
latitudes, for instance, the temperature of the air from 
the height of about 11 kilometers up as far as explored, 
30 to 35 kilometers, is around —55° C., varying slightly 
with the seasons and with the weather in the ower 
atmosphere. What the temperature, hence also the 
density, and even the composition, of the air is beyond 
the levels explored by the registering instruments carried 
by sounding balloons no one really knows. This tem- 
perature may remain substantially constant to the limit 
of the atmosphere of measurable density. Many have 
assumed it to do so as the result of a flux of outgoing 
radiation, practically invariable with height. On the 
other hand Vegard ', at least, has argued from his studies 
of the aurora, that the temperature of the very high 
atmosphere, 100 kilometers, and up, above the surface, 
must be more or less below that of melting nitrogen, or, 
say —225° C.; and, furthermore, that the higher portions 
of the atmosphere contain neither helium nor h drogen, 
but consist of nitrogen only, chiefly in the form of crystals 
held up by their state of electrification. Finally, Linde- 
mann and Dobson ? conclude from their study of meteor 
data that the temperature of the outer air, 40 to 50 
kilometers and beyond, is in the neighborhood of 30° 
C.—tropical heat. 

Here then was confusion which, though theory might 
greatly reduce, only direct observations, perhaps, could 

ully remove. This confusion remained as bad as ever 


until near the middle of 1924, since when it has so greatly 
yielded as now to be much less pronounced and provoking. 

Free hydrogen might, of course, be present in the lower 

rtions of the atmosphere and not in its outermost 

ers, Owing partly, at least, to the presence of ozone, 
which might oxidize the hydrogen to water vapor, some- 
where in the upper air. ovavae, no similar argument 
applies to helium. 
cLennan * has shown that the green fluorescent lines 
of solid nitrogen, produced by electron bombardment, 
do not coincide with auroral lines, and in particular that, 
“the” auroral line, \ 5577.35, is not so produced, con- 
trary to Vegard’s original belief that it was. Further- 
more, McLennan and Shrum ‘ have shown that this line 
is produced by an electric discharge through a mixture 
of air and helium, or oxygen and helium, at low tempera- 
ture, also at room temperature, and low pressure. Hence 
the assumptions that there is helium in the upper levels 
of the atmosphere, and that the temperature of this 
region is above that of frozen nitrogen, are not only 
restored to reasonableness, but raised well nigh to cer- 
tainties. 

The logic of Lindemann and Dobson for a high temper- 
ature of the atmosphere at the 40 to 50 kilometer level 
and beyond, also has been questioned. A different line 
of attack from theirs by Sparrow’ of the problem of 
meteor luminescence seems to remove the apparent ne- 
cessity for any higher temperature in the outer reaches 
of the atone than that measured hundreds of times 
and known to obtain at every level from, say, 12 to 30 
kilometers. 

Perhaps, then, the other horn of our upper air dilemma 
also is removed. If so it again would seem reasonable to 
assume that the outer air contains helium, and possibly 
hydrogen, and that its temperature in middle latitudes 
is around —55° C. 

But however reasonable these assumptions may be 
they are not known facts. We do not know certainly 
either the average temperature or the composition of the 
air beyond levels reached by sounding balloons. This 
ignorance about the state and condition of our atmo- 
sphere is reason enough why we should try to ascertain 


Proc. 1928; 103, 339, 1923 
roc. Roy. Soc., A, 11, 1928; 103, ; 
elit oronto meeting of the British Association for the Advancement of Science; and 
where. 
4 Proc. Roy. Soc., A, _ 501, 1925. 
5 To be printed in an early issue of the Astrophysical Journal. 
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the facts. Besides, the truth in these particulars would 
aid in the solution of a host of other problems. 

There is, then, ample reason for trying to measure the 
temperature and determine the composition of the outer 
and as yet unexplored portions of our atmosphere. 

A possible general scheme, the details of which might 
vary freatly, or obtaining these data is as follows: 

1. The height will be attained by means of a rocket of 
the type, say, now being developed by Professor God- 
dard of Clark University. 

2. A highly exhausted, thin-walled, and hermetically 
sealed tube is carried on or in the head of the rocket. 

3. This tube is surrounded by water and a little ice, and 
the containing vessel more or less thermally insulated 
from the adjacent es by a constant tempera- 
ture device used with balloon pyrheliometers by Abbot, 
Fowle, and Aldrich.* 

4. At about the top of the flight the drawn-out tip of 
the exhausted tube is broken off near its end by a device 
actuated by the exhaustion of the rocket propellant, or 
otherwise, as may seem best. 

5. As soon as the tube has filled—that is, in a second or 
two after it was opened, and actuated by the equilibrium 
between internal and external pressure thus obtained, or 
otherwise—the tube is again hermetically sealed. This 
can be done by the short-circuiting of a minute electric 
cell through a fine platinum wire wound around the 
drawn-out neck. . 

The last two snagayions, (4) and (5), are taken from 
the method successfully used by Teisserenc de Bort in 
getting samples of air with sounding balloons. 

6. At the time the tube is bre filled, a flash light of 
the kind (there are such) that will operate in air of any 
pressure, however low, is fired. This presupposes that 
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the air catch is to be made on cloudless nights during the 
dark of the moon. 

7. At two or more suitable stations the flash is photo- 
graphed amidst the stars with appropriate cameras. ‘This 
gives, very approximately, the level at which the sample 
of air was obtained, and is the same scheme as that used 
by Stérmer and others for measuring the heights of 
auroras. 

If all has gone according to plan, and the tube, let 
down by parachute, or otherwise protected, has been 
found, we now have a sample of the air taken in at a 
known height and known temperature, 0° C. (as secured 
at 2 the ice and water-jacketing of the sampling tube), 
whatever the surrounding temperature, but unknown pres- 
sure. Obviously, however, this pressure, the pressure of 
the entrapped gas when at 0° C., can be measured at leisure 
in the laboratory. Furthermore, the constituents of the 
sample of air, and their relative amounts, are matters of 
gas analysis of any desired refinement. 

A series of such em fh made at height intervals of 5 
to 10 kilometers, would give us the approximate compo- 
sition of the atmosphere and its pressure at each of various 
known heights. From these data in turn the correspond- 
ing temperatures could be closely computed, since only 
one distribution of temperature could give, with the 
known gases, the particular pressures thus found, assum- 
ing, of course, that, as shown by Atkinson ’” the pressure 
of the atmosphere at all levels is essentially of gravita- 
tional origin and not appreciably affected by electrifica- 
tion. 

nent the observations suggested above would 
require skill and ingenuity, but they clearly are possible 
and the facts to be learned highly desirable. 


PAPERS READ AT THE PORTLAND, OREG., tutus aa. jase THE AMERICAN METEOROLOGICAL SOCIETY, 


(For other papers presented at the same meeting, see the Bulletin of the American 
Meteorological ty) 


WIDE AREA FORECASTING OF STREAMFLOW ON THE COLUMBIA 
AND COLORADO 


By J. E. Cuurca, Director 
[Mount Rose Observatory, Reno, Nevada) 


West of the Great Continental Divide the United States lives 
and has its being in its streams. 


Three watersheds or series of river systems, arran in com- 


bination like a gothic A, serve this vast region. Dividing between ° 


them 1,600 miles of the western apex of the Continental Divide, 
the Columbia and Colorado flow westward through tributary 
regions of 237,000 and 225,000 square miles, respectively, to the 
sea. Connecting them and forming the crossbar of the A, is 
the Sierra Nevada system furrowed by streams of lesser length 
but whose combined output exceeds by nearly twice the output 
of the Colorado. 

Contrary to expectation, the relative flow from these three 
watersheds is Colorado 1, Sierra Nevada 2, Columbia 9, or an 
annual run-off from the Colorado of 17,500,000 acre-feet, from the 
Sierra Nevada approximately 32,500,000 acre-feet, and from the 
Columbia 151,700,000 acre-feet. 

Upon the impounding and distribution of these life streams 
depend the growth and prosperity of the Pacific coast. As a 

ic factor in their control and maximum use, the Mount Rose 

bservatory with cooperation from the U. 8. Weather Bureau 
devoted its energies during the past decade and a half to in- 
vestigating the possibility of forecasting the seasonal run-off 
from the streams in the Sierra Nevada and ultimately from the 
lumbia and Colorado as well. 

The or meat of wide-area snow surveying and close fore- 
casting of the subsequent run-off has now been so thoroughly 
established in the central Sierra Nevada that the city of Los 
Angeles has adopted the method for its aqueduct in the Owens 

in and for its power projects elsewhere in the Southern Sierra. 


Through this action of Los Angeles opportunity will soon be 
afforded to test the system under extreme conditions of altitude 
and run-off. 

Detailed investigation of the Columbia and Colorado water- 
sheds has revealed the fact that despite their immense areas 
satisfactory snow surveys and forecasts can be established for 
each at no greater difficulty and expense than for the joint streams 
of the central Sierra Nevada. The only new element involved 
is the higher relative precipitation in summer on the Continental 
Divide which may affect the run-off beyond the indications of the 
show survey and early rains. 

The simplicity of the problem is based upon the following 
peculiarities: 

Despite the apparent vast area of their watersheds, these streams 
are fed in large part by three main feeders that supply from 77 to 
to 87.1 per cent of their total annual flow. Furthermore, the flow 
in the main stream, based, however, upon short records only, 
varies less than 11 per cent from the combined flow of the feeders 
and the extreme variation between even one feeder and the main 
stream, over a long term of years, has not exceeded 25 per cent. 
Finally, from 61 to 64 per cent of the entire annual flow occurs 
during the four months of April-July, due to the fact that the 
major supply comes from winter snows, which do not begin to melt 
until late in March. Therefore, a few snow surveys well placed 
on these main feeders should indicate the amount of water avail- 
able for the season’s crops and industrial needs. 

Furthermore, they will indicate the danger of spring floods 
from the upper streams and in case the reservoirs are maintained 
at maximum level, as must be the case when the water is put to 
maximum use, the reservoirs can be eased down to prepare storage 
for flood waters rather than permit the streams to flow full volume 
over the crests and menace the lands along the lower stream. 

Fortunately, the winter floods that traverse western Oregon 
and Washington come mainly from the Cascades and find ready 
escape in the huge channel of the Columbia, which in the winter 
flows only at minimum stage because of the dormant snows on its 
main watershed. 


‘Smithsonian Miscellaneous Collections, Vol. 65, No. 4, 1915 
64003—25t——2 


1 Proc. Roy. Soc., A 106, 429, 1924, 
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The future promise of the Columbia Basin, even now called 
the Inland Empire, when its waters are assigned their full duty, 
is best expressed in terms of the run-off of its three tributaries: 
Upper Columbia or Kootenay, 53,000,000 acre-feet; Pend Oreille, 
already center of a wide project, 19,000,000 acre-feet; and Snake, 
45,000,000 acre-feet. But the presence of volcanic soil makes 
this promise larger, for even at low stages the net recovery on the 
Snake, after practically the entire flow has been used four times, 
is still 39 per cent. 

The problem of building up the lesser but warmer Colorado 
Basin is even now at the door, and the equitable division of the 
water before it passes down the stream will underlie the develop- 
ment of seven States. The Green will furnish 5,700,000 acre-feet, 
the Grand 7,500,000 acre-feet, and the San Juan 3,100,000 acre- 
feet. The tiny Gila will furnish only 1,000,000 acre-feet, and 
of this only 159,000 acre-feet flows in April-July, when the need 


is grostest. 

owever, from this and other small additions, must be deducted 
1,800,000 acre-feet, much of which apparently sinks in the delta 
above Yuma and seeps slowly to the Gulf. The problem of 
reclaiming this underground flow by artificial dikes will depend 
upon the relative value of the completed work. 

THE CLIMATE OF BRITISH COLUMBIA 
By F. DENISON 


{Meteorological Office, Victoria, B. C.] 


Owing to the mountainous character of portions of this Province, 


. its climate varies greatly according to local physical conditions. 


The heaviest precipitation occurs on the western slopes of the 
Coast Ranges, the lightest between the coast and Selkirks, and 
increases eastward to the Rockies. The heaviest precipitation 
amounts to 120 inches on the west coast of Vancouver Island, 
about 180 inches on the high levels to the eastward of the city of 
Vancouver, while the wettest area on our coast is in the vicinity 
of Swanson Bay, near Princess Royal Island. Owing to the less 
mountainous character of the Queen Charlotte Islands as com- 
pared with Vancouver Island, the precipitation there is lighter, 
amounting to about 100 inches on the west coast and 50 inches on 
the eastern side. 

Between the Coast and the Selkirk Ranges much of the southern 
area is termed the “dry belt,” while extending northward between 
these ranges, which decrease in altitude, the Pacific Ocean Lows 
spread inland and sufficient precipitation occurs for general 
vegetation. Further eastward climatic conditions become decided- 
ly local throughout the Selkirk and Rocky Mountains. 

The following table gives the average annual precipitation for 
certain typical stations, extending from the west coast to the 
Rockies across both southern and northern British Columbia. 
The elevations are also given. 


TaBLE 1.—Average and elevation of certain British 
umbia stations 


Eleva- | Precipita- 
Station tion tion 
Southern group Feet Inches 
Invermere... 2, 650 11. 47 
Northern group 
} 1, 867 18.11 


Even at the low level of 27 feet on the western coast of Vancouver 
Island the precipitation is 119 inches, while in crossing the island to 
Nanaimo the yearly total drops to 37 inches, and at the southeast- 
ern part of the island about Victoria it is only 27.65 inches. The 
influence of the mainland coast mountains is clearly seen by the 
marked rise to 58 inches at Vancouver, while Kamloops and Pentic- 
ton in the “dry belt,’’ where irrigation has made a wonderful fruit- 
growing district, only 10 and 11 inches, respectively, is the annual 
amount. At the higher elevation at Nelson in Kootenai the pre- 
cipitation rises again to 27 inches. 
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Crossing the northern part of the Province, Masset on the east 
coast of the Queen Charlotte Islands has 54 inches and Prince 
Rupert on the north coast mainland 102 inches, while east of the 
coast mountains the northern interior has from 6 to 8 inches 
more precipitation than in the southern interior, already men- 
tioned. Barkerville in Caribou and Glacier in the Rockies are 
ing to show the increased precipitation at stations over 4,000 
eet. 

In connection with eT ree in this Province, it 
appears that at Henderson e on the west coast of Vancouver 
Island, where we now have a station, the annual precipitation was 
228 inches in 1923, with 79 inches in December, and in 1924 the 
early total was 281 inches. It is probable that owing to peculiar 
(aca conditions this station may prove to be the wettest spot not 
only in this Province but on the North Pacific coast. 

Mean temperature and bright sunshine.—In the following table 
the mean temperature is shown for the coldest and warmest 
months of the year, together with the annual amount of bright 
sunshine, for certain typical stations, including Edmonton, Al- 
berta, for purposes of comparison. 


TaBLE 2.—Mean temperature and bright sunshine 


Annual 
Station January | July Range hours 
sunshine 
°F. 
39 60 21 2, 163 
22 68 46 2, 034 
25 66 41 1, 895 
20 69 
13 63 50 1, 904 
6 61 55 2, 137 


In connection with these figures one is struck by the remarkably 
small seasonal range of temperature and large amount of sunshine 
as shown at Victoria. These conditions are due to the open nature 
of the land about there, and the moderating influence of the ever- 
changing tidal waters which almost surround that portion of 
Vancouver Island affect the temperature. 

The seasonal range of temperature increases eastward to the dry 
belt and where the annual amount of bright sunshine is naturally 
high, yet still less than at Victoria. 

The temperature extremes are greatest in Kootenai in the list 
of stations. A comparison shows that the southeastern portion of 
Vancouver Island records more bright sunshine than even parts of 
“Sunny Alberta.” 


THE CLIMATE OF OREGON DURING THE PLEISTOCENE PERIOD 
By Epwin T. Professor of Geology 
[University of Oregon] 
(Author’s Abstract) 


Previous studies of the Pleistocene of British Columbia, Wash- 
ington, and Oregon have brought out two statements fegarding the 
climate of that time. They state that “the temperature gradually 
grew colder and finally culminated in the development of glaciers” 
and that a great sound occupying the Willamette Valley was 
developed at the close of the Pleistocene. This latter statement, if 
true, would likewise indicate a colder climate. The presence of 
a large body of water, in contrast to an equivalent land ge 
reflects most of the light energy received, its latent heat is high, an 
evaporation from whatever cause results in cooling. 

As a result of studies extended over the per eight years I have 
arrived at conclusions which materially differ from those hitherto 
published regarding geological events of the Pleistocene period 
Oregon and Washington. These conclusions will be published 
elsewhere. If my theory regarding the events of the Pleistocene 
are correct, then the following deductions may be made reg 
Pleistocene climate: 

The period was introduced by the Pliocene uplift. This uplift 
continued into the Admiralty epoch, which brought the Coast 
Range and Cascades to an elevation whereby they intercepte 
a large part of the moist winds coming from the Pacific Ocea. 
The moist winds during most of the Pliocene were able to pass over 
the low mountains and fed large lakes in eastern Oregon, Washing- 
ton, and California. The increment in the precipitation, due to the 
elevation along this coast, in the less-favored localities amounts t0 
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more than 1 inch per each 100 feet. Because of the elevation and 
winter precipitation most of the water fell in the form of snow, and 
glaciers were developed. This robbing of the winds of their mois- 
ture by the Coast and Cascade Ranges dried up the lakes of eastern 
Oregon. Glaciers developed in this manner would not result in 
a reduction in the average temperature of western Oregon. On the 
contrary, these winds would contribute to Oregon the heat which 
they obtained from the warm Pacific. The moisture condensing 
to clouds and the cloud particles crystallizing to snow would cause 
these winds to give up their heat as a direct contribution to Oregon. 
The temperature undoubtedly was higher rather than lower. he 
above explanation involves no change in world climate, nor change 
in direction of wind, nor change in moisture content of the winds. 

In the Puyallup epoch there was a subsidence of over 1,000 feet, 
which reduced the mountain crests to one lower than that of the 
present time. The moist westerly winds again were able to pass 
over western Oregon retaining much of their moisture which was 
precipitated in eastern Oregon, producing large lakes. 

In the Vashon epoch elevation again took place, resulting in 
a second period of glaciation and the g up of the lakes in 
eastern Oregon. At the close of the Vashon epoch there has been 
a subsidence resulting in the drowning of most of the river valleys 
of the Pacific Northwest. This subsidence, however, was not 
on to that of the Puyallup epoch and consequently no great 
lakes have been developed. 

Thus there were two uplifts and two glacial periods in Admiralty 
and Vashon time. Waters derived from their glaciers cut large 
valleys in western Oregon and on the flanks of the Cascades in 
eastern Oregon. There were two lake stages, one in pre-Admiralty 
and onein the Puyallup. The lakes of this second period have been 
drying up since that time. During the Puyallup period, and while 
the Admiralty glaciers were melting, aggradation on a large scale 
filled the Willamette Valley with sediments to an elevation of 
about 600 feet in the vicinity of Portland and about 150 feet in the 
vicinity of Eugene. 

Further evidence that the climate was warm and that no chilling 
bodies of water existed is shown by the entire absence of marine 
fossils and by the presence of fossils of plants and animals requir- 
ing a warm climate. In western Oregon many fossil remains of 
the mammoth, mastadon, giant sloth, camel, and horse have been 
found. Fossil remains of the walnut, oak, willow, and sequoia 
have been found. The sequoia is apparently the same as the 
living sequoia in California at the present time and the oak and 
walnut are closely related to living species. These creatures could 
not have lived in Oregon had the climate been cold and would have 
been driven out if the valley had been occupied by a great sound. 
The glacial débris found in the Willamette Valley represert ice- 
borne fragments which floated down the Willamette Valley while 
the valley was flooded by river waters in the Puyallup epoch. 

This interpretation of the geology makes it possible for men to 
have migrated down the Pacific coast under favorable conditions 
and to have lived in the Willamette Valley during the glacial 
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period. Fossil remains of a race of men antecedent to the Indians, 
which the white men found in this valley, have been found under 
conditions which would indicate that man was here during the 
Puyallup Epoch. 


VARIABILITY OF PRECIPITATION IN THE STATE OF WASHINGTON 
By M. B. Summers 
{Weather Bureau, Seattle, Wash.] 
(Abstract) 


The average precipitation in the State of Washington for indi- 
vidual months has varied between a trace and about 400 per cent 
of the mean of 35 years of record. The greatest variance occurs 
in the summer months and the most frequent variance in the 
region of the Cascades. In general, the greatest amount that has 
been received in any 12 consecutive months has been about double 
that of the driest similar period in the western division, and about 
three times the driest period in the eastern division. A singular 
feature of the variability in the eastern division is the fact that 
the July rainfall is above 150 per cent of the mean in about one 
year in three, and less than 50 per cent of the mean in about one 
year in three. 

A rather rhythmic fluctuation in the precipitation curve is 
— from 1900 to 1907, with an average period of about 18 
months. 


FLOODS IN THE WILLAMETTE RIVER 
By Epwarp Lansina WELLS 
[U. S. Weather Bureau, Portland, Oreg.] 
(Author’s abstract) 


This paper outlines problems connected with the forecasting of 
floods in the Willamette River. 

The drainage basin has an area of approximately 11,000 square 
miles, varying greatly in surface and exposure, rising from near 
sea level to more than 10,000 feet. 

The climate is mild and equable, with sremaietion ranging 
from 38 inches to more than 100 inches, and averaging about 65 
inches. The precipitation is distinctly seasonal. 

There are 12 important tributaries, and there is no stretch of 
more than 50 miles without the entrance of-one or more of these. 

Rating tables form the best basis for relating stages at succes- 
sive stations, but these are not available for all stations. 

The river changes character as it drops over the falls at Oregon 
City, becoming, in a sense, an arm of the sea. 

e difference between crest stages at Salem and Portland is 
greater in extreme floods than in ordinary floods, and is greater 
when the Columbia is low, but this relation is not constant. 
Blo often begin at Portland almost as soon as at upstream 
stations. 


NOTES, ABSTRACTS, AND REVIEWS 
EVAPORATION MEASUREMENTS IN THE SWISS ALPS 


Zeitschrift for March, 1925, 111-114, summarize 
their results as attained thus Preliminary investi- 
gations were made in 1911-12, the results being published 
in Meteorologische Zeitschrift, 1911, no. 12, and 1913, 
no. 5. In the summer of 1915, with the physical and 
financial resources of the Swiss Federal Bureau of Water 
Control at their service, intensive studies were begun. 
ese were carried on at first with open circular vessels 
of sheet zinc (evaporation pans) of 30 and 50 cm. diameter 
and depth, respectively, supplemented by Livingston 
Porous cup atmometers and glass vessels of 24 and 28 
tm. diameter and 8 cm. depth, in the be Saas Valley 
at the various altitudes indicated for the stations for 
Which data are plotted in <n 1, these data repre- 
vap 


J. Maurer and Otto Liitschg in Meteorologische © 
far. 
ar. 


senting conditions in 1920. oration measurements 
Were always accompanied by observations of the mete- 
orological elements. Evaporation pan measurements 
Were carried out on Lake Mattmark, at about 2,100 
Meters above sea level, during the summers of 1915 and 
1916, The summer of 1915 gave 24-hour evaporation 


4 


values ranging between 6.2 mm. and 2 mm., according 
to the weather. The maximum value represents a 
warm and entirely clear period with light north wind. 
In 1916 the July and August 24-hour values ranged from 
1.6mm. and3.4mm. . 

The principal series of observations was made at the 
Hopschensee, 2,017 m. above sea level, west of the 
Simplon Pass, between July 25 and October 23, 1921. 
These were carried through by means of hydrometrical 
methods, taking account of the inflow and outflow and 
direct precipitation which affected the level of the lake. 
Coincident with these, a series of porous cup atmometer 
and glass vessel determinations was made in the meadow 
directly on the lake shore, the corresponding meteorologi- 
cal observations being taken also. 

Table 1 for the Hopschensee summarizes evaporation 
from this lake by certain calendar groups of days without 
regard to weather conditions. Table la for the same 
lake divides the data for the same total period into 
groups according to weather type, a much more significant 
procedure. Table 2 summarizes the results obtained by 
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Fic. 1.—Evaporation measurements at various altitudes in the Visp region, by 
means of the Livingston porous cup atmometer 
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the various methods at the lake, evaporation being ex- 
pressed in millimeters and temperatures in degrees cen- 
tigrade. The results of other measurements carried out 
in the same region during the course of the work, are 
not summarized. Unfortunately there is nothing in 
the original text of the paper as printed to indicate the 
precise meaning of those column headings of Table 2 
which read: Open station, sheltered station, lake east, 
and lake west. Presumably the first two refer to the 
topographic situation. The last two are, obviously, 
open to important differences of interpretation. 


TABLE 1.—Means of wind velocity and water temperature, totals of 
precipitation, total and mean daily evaporation, and maximum 
and minimum daily evaporation, for the Hopschensee, west of the 
summit of Simplon Pass, at 2,017 m. above sea level, for four 
periods, summer of 1921 


Evaporation from lake surface 
Mean wwe Total (mm.) 
wind “ag pre- 
Month veloc- a- | cipita- 

™m./s. mm. mum | mum 

(° C.) daily daily | daily 

July 25-Aug. 1 (7 days)?....| 2.9 18.0 0.4 29.0 4.1 4.7 3.1 

Aug. 1-Sept. 1 (31 days)<.--| 3.1 13.3) 146.3 73.5 2.4 7.7 0.2 
Sept. 1-Oct. 1 (30 oe Nae 2.7 12.2 63.9 54.5 18 3.7 0. 35 

Oct. 1-Oct. 23 (22 days)....| 2.45 9.2 0.0 41.3 19 3.4 0.9 


TasBLe la.—The same data arranged in periods according to weather 


type 
I. Dry period, July 25-Aug. 
10 (16 days) ....------ 2.9 17.3 3.1 70.7 4.4 uF 1.7 
II. Wet period, Aug. 10- 
Aug. 25 (15 days)...-- 3.5 12.0; 143.6 18.1 12 2.15 0.2 


Ill. Damp period, Aug. 
25-Sept. 23 (29 days).| 28 12.2 63.9 53.5 1.8 3.75 0. 35 
IV. Dry period, Sept. 23- 


Oct. 23 (30 days) ....- 2.4 9.9 0.0 56.0 1.9 3.4 0.9 
Whole period from 

July 25-Oct. 23 

(90 days)........... 2.8 12.3); 210.6] 1983 2.2 0.2 


1 Means of morning and evening observations. 
2 Beginning and ending at 8a.m. This arrangement applies to all the periods. 


TaBLE 2.—Comparison of evaporation measurements, by means of mtg cup atmometer and glass vessels, with those on the Hopschensee, 
summer, 1921 


(Evaporation in mm., temperatures in °C.] 


Glass vessels 
Evaporation 
Atmometer from the lake Temperatures 
Open station Sheltered station 
Month 
Open station Lake east Lake west Large vessel Small vessel Large vessel Small vessel 
M M Mean | | air | Water 
ean Mean Mean ean ean ean ean 

July 25-Aug.1 (7 days)!...| 33.9 4.84 26. 4 3. 77 26.3 3. 76 51.3 7.33 52.5 7. 50 11.1 1.59 11.1 1. 59 2.9 4.14 14.8 18.0 
Aug. 1-Sept. 1 (31 days).-.-| 92.9 2. 99 72.2 2. 33 71.1 2.29; 147.4 4.75 | 158.1 5.10 29.9 0. 96 28. 4 0. 92 73.5 2. 37 9.5 13.3 
Sept. 1-Oct. 1(30 days).....| 83.4 2. 78 67.6 2. 25 69.8 2.33 | 125.9 4.20 | 133.3 4.45 24.1 0. 80 23.6 0. 79 54.5 1, 82 9.1 12.2 
Oct. 1-Oct. 23 (22 days)....| 73.4 3. 34 55.7 2. 53 55.7 2. 53 90. 0 4.09 94.8 31 21.3 0.97 22.3 1. 02 41.3 1.88 7.7 9.2 
Whole period from July 25 (Means) ; 

to Oct. 23 (90 days).-...- 283. 4 3.15 | 221.9 2.47 | 222.9 2.48 | 414.6 4.61 | 438.8 4. 88 86. 5 0. 96 85.5 0.95 | 198.3 2. 20 12. 


1 See footnote 2 of Table 1. 


The general conclusions from the vaporation studies 
so far carried out in the lofty Simplon region are as 
follows: Evaporation from the high Alpine lakes is in 

eneral smaller than that from the lakes at the foot of 
the Alps. In the case of the high altitude lakes evapor- 
ation is somewhat aided by the reduced atmospheric 
pressure, but the increased effect from this cause is 
eatly outweighed by the effect of the lower temperatures. 
al conditions may enter into the result as either a 


positive or a negative effect. There must be taken into 
consideration all the factors which determine the tem- 
perature of the water: The greater or less exposure 0 
the lake and of its tributary region to insolation an 
wind; the character of the inflow into the lake; the area 
of the lake surface and the depth of the lake; the content 
of the snow cover; and the character of the adjacent 
land surface.—B. M. V. 
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METEOROLOGICAL DATA FOR MIDWAY ISLAND, NORTH PACIFIC OCEAN 


A special meteorological station was established on 
Midway Island, N. lat. 28° 15’, W. long. 177° 22’, 
on May 1, 1917. 

The instrumental equipment consists of a mercurial 
barometer, barograph, thermometers, Anemometer, single 
peer, and a rain gage, all standard instruments of the 

eather Bureau pattern. A single observation is made 
at 6:30 p. m. daily, mean local time. This observation 
is tked to Honolulu and thence to San Francisco, 


Calif. 


Previous to the date above-mentioned observations of 
pressure and the direction and force of the wind were 
made at local noon and mailed to the Marine Division 
of the Weather Bureau in Washington, D. C. - Through 
the cooperation of the chief of that division, Mr. F. G. 
Tingley, these earlier observations of pressure have been 
combined with the later ones, thus forming the series of 
13 years of continuous observations presented in Table 
1. Data for the other elements are confined to the 
period May, 1917, to December 31, 1924.—A. J. H. 


TaBLE 1.— Meteorological data for Midway Island, North Pacific Ocean ! 


MONTHLY MEAN PRESSURE (INCHES) 


Year January | February; March | April May June July | August Pha ll October co ~— "| Annual 
29. 87 30. 04 30. 18 30. 24 30. 14 30. 08 30. 03 30. 01 30. 00 30. 00 30. 07 30. 07 30. 061 
29. 94 30. 00 30. 08 30. 08 30. 05 30. 08 30. 11 29. 97 30. 01 29. 92 30. 07 30. 09 30, 033 
30. 15 29. 99 30. 19 30.17 30. 22 30. 13 30. 09 30. 06 29. 97 30. 03 30. 09 30. 10 30. 099 
30. 15 30. 19 30. 03 30. 18 30. 03 30. 08 30. 01 29. 99 29. 92 29. 97 30. 18 30. 07 30. 067 
29. 81 29. 85 29. 99 30. 13 30. 11 30. 05 30. 07 30. 07 29. 96 30. 00 30. 06 29. 89 29. 999 
29. 90 29. 85 30. 06 29. 95 30. 08 30. 17 30.17 30. 16 30. 14 30. 03 30. 13 29. 85 30. 041 
29. 94 30, 05 30. 08 30. 18 30. 11 30. 07 30. 06 30. 05 29. 97 30. 04 30. 14 30. 14 30. 069 
30. 12 30. 10 30. 09 30. 05 30. 15 29. 99 30. 14 30. 11 30. 02 29. 98 30. 06 30. 01 30. 068 
29. 94 29. 94 30.15 30. 12 29. 94 30. 01 30. 11 30. 09 30. 07 29. 99 30. 15 29. 97 30. 040 
30. 14 29. 90 30. 07 30. 13 29. 98 30. 10 30. 12 30. 06 30. 02 29. 98 30. 07 30. 04 30. 051 
30. 03 30. 03 30. 03 30. 22 30. 11 30. 03 30. 05 30. 04 30. 02 30. 07 30. 05 29. 89 30. 048 
30. 02 29. 94 30. 09 30. 11 29. 97 30. 02° 30. 01 30. 05 29. 94 30. 10 30. 05 30. 20 30. 042 
30. 00 30. 07 30. 05 30. 11 30. 08 30. 02 30.19 30. 11 30. 04 30. 08 30. 06 29. 90 30. 059 
SE SAC ARR SOS RE 30. 001 29. 996 30. 084 30. 128 30. 075 30. 064 30. 089 30. 059 30. 006 30. 015 30. 091 30. 017 30. 052 


1 Prior to May 1, 1917, observations were taken at local noon. Commencing on date named the hour of observation was changed to 6.30 p.m. A correction of —0.04 inch, 
for diurnal variation, has been applied to monthly means prior to that date, the correction having been determined from the barograph record. All readings corrected for gravity. 


MONTHLY MEAN TEMPERATURE (° F) 
{Based on daily means from (max.+min.)+2] 


8/8 
70. 4 75.71 76. 3) 78.3) 78.2) 74.1) 71.4) 67.6)....-. 
64. 65. 6| 66.9] 68.5) 75.6] 78.6) 78.0) 77.6) 73.6) 70.5] 68.6) 71.2 
66. 2} 66. 4) 68.1) 72.0) 72,0) 75.6) 78.2) 75.8) 72.8) 67.3) 65.2} 70.4 
79. 2} 78.3] 79.0, 75.2) 72.6) 68.2)...... 
64. 6) 65. 68. 2} 70. 5, 76.0} 77.2} 78.6) 79.0) 75.6) 72.6) 67.7) 71.8 
66.0} 68, 1] 67.4 72.8 75. 5) 77.6| 78.8) 74.4) 67.6) 72.1 
64. 4) 64.8) 68.2) 71.1) 76.4) 78.0| 78.4) 77.4 74.4) 69.7| 66.0) 
68. 6| 67. 4| 66.6) 70.4) 74.2) 78.6) 79.6) 79.0, 75.4) 70.2) 65.3) 71.7 
65. 2) 65. 9) 70.8 75. 1| 77.6) 78.5 78.1) 74.4, 70.5) 67.0) 71.4 
MONTHLY PRECIPITATION (INCHES) 
2.81| 3.30) 2. 66) 1.26) 1. 32| 7. 46| 0.54) 5. 
_ 8. 19) 3. 63) 3.28, 0.46 0.97) 0.35] 2.84] 5.64) 7. 43/10. 01] 0.70, 1. 54) 45. 04 
0. 76} 5.42 3.40. 0. 3.87) 1.57] 0.04) 5. 44) 2.83] 0.70) 1.52) 28. 38 
1, 50} 4. 20] 6.81) 6.07) 3.87) 6.53] 0.91] 2.94) 4. 79|12. 41) 2.56) 5.36) 57.95 
1. 27| 6.05] 2.84) 5.11) 6.43) 0.54) 8. 22} 2. 3.65) 5.50) 1.61) 2.65) 46.63 
2. 30! 4.61) 3.71) 0.36 2. 46) 2.33) 4. 56) 4.70) 5.25) 3.69) 5.12! 6.08, 45. 12 
1. 12| 3. 99) 3. 52) 0. 96 12. 59} 2. 86] 4. 33} 4. 14) 7.41) 0.85] 1.72) 0.46 43.95 
8. 63) 1.31] 2. 58} 1.52 0. 86} 5.06) 1.17] 5.10) 3.92) 3. 47| 0.43) 6.28, 40. 33 
Means... 3. 40) 3.73) 4.02) 2.55, 3.82) 3.10) 3.28) 3. 32) 4.90] 5. 78) 1.67) 3.68 43.25 


THE DRY SEASON OF 1925 IN THE PANAMA CANAL ZONE 


(Extracts from report by H. Z. Kirkpatrick, chief hydrographer, dated Balboa 
Heights, June 11, 1925) 


Meteorologically, the dry season began about January 
7 and ended about April 23, but it was preceded and 
followed by a transition period of several weeks’ duration. 


WIND DIRECTIONS—NUMBER OF OBSERVATIONS (MAY 1917-DECEM- 
BER 1924, INCLUSIVE) 


8 
i 
° 

5 
17} 10) 14) 23) 15) 12 6) 19} 1 13} 158 
38} 29) 84) 72) 114) 75) 45; 903 
141 35) 42} 26; 30) 67) 85! 43! 37) 453 
19} 21) 37) 22) 38 35} 68 25] 22) 393 
43; 48} 30; 14] #18} 8} 12) «14 «(260 
34 20} 10| 2 15) 6} #19} 33 52} 270 


119 22.3 25. 5 15.1) 13. 6] 27.0) 15.7) 20.2) 18.9 
16. 5| 20.0) 23.2) 19.5 15.3) 11.3 13. 4! 16.4) 15.8] 18.3) 21.9) 16.7) 17.4 
11.0) 12.6) 14.7) 8.9 9. 4) 8.1) 13.7) 8.5) 13.5) 13.3) 12.6) 16.8) 11.9 
16. 5) 18.0) 12.1) 11.7) 12.3) 9.3 11.7) 10. 5; 10.8} 10.1) 13.2) 17.5) 12.8 
15. 9} 18.9) 14.8 16.9 10. 8) 8.8} 16.6) 12.1) 15.4) 17.5 13.0) 17.8} 14.9 
15. 5} 20.0 16.7) 15.4) 13.4) 12.2; 13.1) 11.8) 9.0) 147 17. 5) 19.0) 14.9 
17.0} 19.0} 14.6! 11.3) 10.4; 8.9) 8.2) 9.2) 12.4) 12.6) 15.9) 13.0) 127 
14.0) 14.1) 12.8 14.5 10. 5| 8.8) 12.8 11.3) 6.8) 15.3) 13.5) 18.5) 12.7 
15.2) 17.5 15. 6, 14.0 11.2 11.9 12.2) 16.1) 17.4, 144 
2 Based on one observation daily. 


Dry season symptoms began to be noticeable by Decem- 
ber 6 and continued rainy season conditions began about 
May 17. 

The actual duration of dry conditions was slightly 
below the average; but from a water-supply standpoint, 
this season was the fourth driest in the last 14 years. 
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Comparative figures on the basis of length of time, 
amount of rainfall, and Gatun Lake net inflow, on the dry 
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season for the past 14 years are given in the following 
Table 1: 


TaBLe 1.—Comparison of dry seasons since the formation of Gatun Lake, 1912 to 1925, inclusive 


RAINFALL—INCHES 
= a = = 5 = 5 
1912 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 1925 
5. 74 9. 67 10. 18 23. 87 13. 92 15. 68 10. 59 9. 57 
6. 37 8.15 5. 55 21. 98 7. 68 4.14 7.90 5. 33 5. 26 14. 05 5. 39 3. 88 4.94 5.11 
CID a ittrocisnitiinlgannnsinem spires 10. 30 10. 85 5. 46 25. 14 7.09 3. 62 10, 20 4.92 3. 37 13. 16 7.41 4.77 6. 23 7.87 
po ES 9. 29 6. 63 6. 50 16. 13 6. 76 3. 43 9. 68 7.14 2.41 14. 96 4.75 4. 03 7. 33 4.47 
SETS 3. 03 3. 45 2. 23 6. 92 5. 08 1.31 4. 09 2. 36 2. 52 7. 69 3. 56 1.13 3. 35 2. 54 
DE ragcwncniosnegeasepie 1.02 1. 22 - 43 7. 54 2. 41 - 67 2. 24 1. 52 1.78 5. 81 1.22 1.33 2.17 1.83 
We nibitacaonpahsnnenthoiaee 1. 60 1.72 1.15 6.14 2. 04 1.14 3. 30 1.91 1.51 4. 50 1, 22 2. 05 2. 63 1. 28 
CNR pincncwnrssecninsescunt 3. 85 2. 93 -91 6. 42 3. 98 1.05 3. 25 1, 06 2.79 2. 94 2. 64 - 66 2. 44 1.31 
3. 20 2. 66 88 6. 93 3661 2. 57 1.78 3. 02 4. 38 1. 69 - 60 1.80) 1. 60 
oy Sees: 6. 29 1.14 3.17 3. 24 3. 04 2. 92 7.27 2. 00 6.15 4. 60 5. 64 -47 1. 66 | 3. 46 
Balboa Heights-..............-- 4. 76 1.28 2. 32 4. 56 3. 97 3. 63 5. 43 - 93 4. 46 10. 64 3. 69 1.96 «38 1.36 
CORRESPONDING NET YIELD OF GATUN LAKE WATERSHED (C. F. 8.) 
110} 1,267 732| 2,704 | 1, 336 | 519| 1,329 998 9 873| 1,347 658 | 736 525 


1 No accurate data for this dry season. Revised estimate using Chagres River discharge and comparing with other dry seasons. 


Chagres River—The Chagres River discharge at Al- 
hajuela was 18 per cent below the 24-year, 4-month (Jan- 
uary to April, inclusive) dry season average, or 1,028 
c. f. s. against a mean of 1,251 c.f.s. The minimum dis- 
charge of the Chagres for the four months was 467 c. f. s. 
on April 24; the maximum discharge for the same period 
was 13,300 c. f.s. on January 3. 

Gatun Lake.—Gatun Lake continued to fall, but to a 
lesser extent, during the transition period from dry to 
rainy conditions and the lowest point, 82.57 feet was 
reached on May 17. This represents a loss in storage 
of 20.67 billion cubic feet as compared with 14.60 billion 
cubic feet for last year and 24.42 billion cubic feet in 
1920. The above figures are total storage losses from 
maximum lake height to minimum height. 

Gatun hydroelectric carried full Isthmian power load 
during the dry period and used 15.86 billion cubic feet 


from January to April, inclusive, while 9.03 billion cubic 
feet were the requirements for lockage water during the 
same period; i. e., ratio of 1.756 to 1. 

A total of 1,598 lockages 
made during the four-month period, compared with 1,825 
for last year and 1,572 for the same period in 1923. The 
erie per through lockage per 24 hours were 65 
c. f. s. for 1925, 72 c.f. s. for 1924, and 82 ¢. f. s. for 1923. 

The saving at the locks during the four months, Jan- 
uary to April, inclusive, amounted to approximately 0.45 
foot on Gatun Lake. 

Table 2 shows the net inflow into Gatun Lake for the 
dry-season months since the formation of the lake; Table 
3 gives the hydrology of Gatun Lake for the four-month 
period, January 1 to April 30, inclusive, 1925. 


were 


TaBLE 2.—WNet yield in c. f. s., dry seasons of record, Gatun Lake ! 


Average 
19122 1913 1914 1915 1916 1917 1918 1919 1920 1921 1922 1923 1924 1925 pei 
mon 

December ?.........-. 2, 690 5, 335 4, 307 7,010 7, 673 9, 218 2, 158 4, 939 7, 649 7, 842 4, 232 7, 742 5, 677 
eS 400 2, 583 1, 739 2, 570 1, 863 1,111 1, 541 769 1, 216 8, 641 2, 363 1, 050 2, 565 2, 245 
|. Bae 271 1, 298 744 207 1,320 139 431 73 —287 1 1, 482 698 1, 041 601 926 
SEES. —392 678 167 823 698 —182 36 —50 —385 —121 190 —$4 98 —278 85 
A jicieneentensiiaaliales —363 567 308 5, 400 1, 076 447 1,119 3, 250 —706 244 210 —185 2, 303 652 1, 023 
Di denciniietetncnione 2,771 4, 992 3, 219 6, 111 4, 063 4, 635 4, 352 583 2, 109 605 2, 825 4, 754 1, 792 3, 912 


: it vie is the total yield minus evaporation on Gatun Lake. 
mai 
3 Decembers are of previous years; i. e., December, 1911, is in 1912 dry season. 


See, 
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TaBLe 3.—Hyd of Gatun Lake watershed. Dry season 1926, 


anuary to April, inclusive 
[Drainage area, 1,320 square miles] 
(Gatun Lockages, 1,542; Pedro Miguel Lockages, 1,655) 


Gatun Lake Elevation} Date 

Quantities 
Million Second- 
cubic feet feet 

Gatun Locks, lockages and tests..............--..-.-------..- 4, 868. 1 469.5 
*Pedro Miguel Locks, lockages and tests.....................- 4, 163. 2 401.5 
*Pedro Miguel Locks, leakage. 54.1 5.2 
*Maintaining Miraflores e through Pedro Miguel Locks - - 0.0 0.0 
b. Storage (+-increase, —decrease) . ....-......-.---.-.--.---.. —17, 936.5 —1, 730.0 
Transferred to Miraflores Lake. 4, 217.3 406. 7 


Mean Per- 
square nches ncehes 
miles run-off 
ce 1, 156, 1 8.71 5. 23 60 
etel watershed 1, 320 8. 82 5.73 65 


RIVER REGULATION 


{Regulation of Rivers without Embankments, as Applied in the Training Works, at the 
Headwaters of the Rangoon River, Burma (locally known as the Myitmaka Training 
Works). By F. A. Leete, assisted by G. C. Cheyne] 

In Nature, June 6, 1925, Mr. Brysson Cunningham 
presented a very interesting review of the above publi- 
cation, and below are given the essential features thereof. 

The basic proposition advanced is that a river may be 
left to effect its own training without the use of embank- 
ments of any kind, including all artificial aids to bank 
formation, with the exception of sticks of bamboo. 
The scene of operations was among the headwaters of 
the Rangoon River in Burma, used mainly for the trans- 
portation of teak logs. The streams are fed from 
torrents from the hills with an extreme altitude of about 
2,500 feet, the annual rainfall varying from 60 to 120 
inches. During the monsoon season high floods occur 
at frequent intervals, carrying immense quantities of 
sand and clay in suspension. At the foot of the hills 
the flood waters spread out over the plain submergin 
the paddy fields and producing a series of swamps, vith 
the result that the teak logs were left stranded with 
much resulting loss. ’ 

Formerly embankments, at first high and then low, 
were constructed at great cost, but in 1917 came the 
oi aap that no embankments at all were necessary. 
It had been observed that soil deposits occurred around 
stranded logs and other debris; therefore a trial fence of 
bamboo alee was made along the desired line of em- 
bankment. The method was simple. After the pro- 
posed line of channel had been pegged out, following the 
natural depressions as a rule, all growth was removed to 
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a width of 150 feet on each side of the line. One hundred 
feet on each side of the line, fences were made by drivin 
into the ground pointed bamboos, 5 or 6 feet long, an 
about 9 inches apart, with the tops dressed to a steady 
slope, and about 3 feet above ground level. The stakes 
were lashed to a horizontal rail about 6 inches from their 
tops, with coir (coconut fiber) rope. 

e outcome fully justified the —— conception. 
The fences caught much small rubbish and formed a 
barrier checking the flow of the water. This check 
caused a deposit of the heavier sand particles on the 
streamside of the fence, while the finer particles were 
carried beyond it. The stakes (fence) became imbedded 
in the deposit, which gradually accreted to heights 
ranging up to 9 or 10 feet or even more. Thus natural 
embankments were formed and the river channel com- 
pletely defined. When the first row of stakes is buried, 
a second row may be driven, but this is not often neces- 
sary. Finally the river bank becomes so high that the 
channel is large enough to carry the whole normal 
flood water. The forming banks serve as well to raise 
the level of the surrounding tea! thus reclaiming 
considerable tracts for cultivation. Bad bends in the 
‘river are eliminated by short cuts. 

The method is not one of universal application, but 
it is suitable in the case of streams originating as hillside 
torrents and heavily charged with detritus and sandy 
silt, chiefly in their upper reaches. Considerable varia- 
tion in water level and frequent overtopping of banks 
in the early stages are features of the course of channel 
formation, and when these are lacking, the method can 
not be utilized, or at any rate, not so effectively.—H. C. F. 


A CONCRETE RAIN-GAUGE SUPPORT 
{Extracts from 8 memorandum by S. D. Flora, Weather Bureau, Topeka, Kans.) 


An excellent form of support for a rain gage that will 
last indefinitely consists of a cement block 12 inches 
square into which four gas pipes were inserted before the 
cement had set, so that the can of the rain gauge is held 
firmly by them, but with enough space so that it can be 
lifted out. The gas pipes project 21 inches above the 
cement. 

The block need not, of course, be exactly of the size 
specified above. It is a good idea in practice to bury 
part of it so that the bottom of the gauge is held about 
3 inches above the ground. The cost of this support 
should not exceed $3. 


METEOROLOGICAL SUMMARY FOR SOUTHERN SOUTH 
AMERICA, AUGUST, 1925 


[Reported by Sefior J. B. Navarrete, El Salto Observatory, Santiago, Chile. Transla- 
tion by B. M. V] 

The month of August was relatively dry in the central 
zone of Chile and somewhat rainy in the south during 
the first 15 days. From the 2d to the 6th important 
atmospheric depressions crossed the southern region, 
causing general rains over nearly the whole of it. The 
maximum precipitation in 24 hours occurred on the 5th 
at Valdivia. On the 4th there were local rains on the 
high plateau of Bolivia and in the interior of Tacna 
Province. 

On the 7th and 8th an anticyclonic center was estab- 
lished in the interior of the continent at latitude 40°, 
with a fall of temperature and fine weather. 

From the 9th to the 12th there was a renewed develop- 
ment of atmospheric disturbances in the southern region; 
general rains occurred, and on the 11th heavy snowf 
occurred in Magellanes Province. 
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Between the 13th and 15th a large anticyclone formed 
over the southcentral part of the continent, with the 
maximum pressure 774 mm. (1,032 mb.) at Cipolleti 
(Argentina). Fine, cold weather was the rule, with 
freezing temperatures. 

On the 16th a depression appeared in the northwest, 
along the Pacific coast off uimbo; on the 17th it 
influenced the central zone of Chile, giving local rains; 
on the 18th took place the phenomenon of the compres- 
sion of the cyclone by strong yogis winds of exces- 
sive velocity originating in the southern anticyclone 
(according to the laws of Guilbert). On the 18th local 
rains fell in northern Argentina, in Buenos Aires Prov- 
ince, and in parts of Uruguay. 
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During the 19th-20th an anticyclonic régime domi- 
nated the continent. 

On the 21st a large depression influenced the southern 
area, causing a heavy rain and wind storm, the bad 
weather and rains lasting in the southern part of this 
area until the 23d. From the 24th to the 30th the anti- 
cyclonic régime persisted over the greater part of the 
continent. 

In Bolivia, during the 25th and 26th, violent electrical 
storms broke over te Paz and Sucre, with rain and hail. 

On the 30th and 31st a severe hot wave invaded the 
central zone of Chile; at Los Andes the thermometer 
registered 30° C. in the shade. 
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SOLAR OBSERVATIONS 


SOLAR AND SKY pa Ra i DURING TaBLE 1.—Solar radiation intensities during August, 1925—Con. 


Madison, Wis. 
By Hersert H. Krmsatt, Solar Radiation Investigations 
Sun’s zenith distance 

For a description of instruments and exposures and an 
account of the method of obtaining and reducing the 8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
measurements, the reader is referred to the Review for 
January, 1924, 52 : 42 and January, 1925, 53: 29. Date Teh Air mass oe 

From Table 1 it is seen that solar radiation measure- mer. solar 
ments averaged slightly below normal values for August Bie A.M P.M ia 
at Lincoln, Nebr., and close to normal at Washington, SAPIENS 
D. C., and Madison, Wis. e. | 5.0 | 4.0 | 3.0 | 20 11.0| 20 | 30 | 40 | 50 | e. 

Table 2 shows that the total solar and sky radiation 
August normal at Washington and Madison, and slightly 
below normal at Lincoln. 11. 38 

made on 5 days give a mean of 51 per cent, with a maxi- ,, 
mum of 56 per cent on the 22d. At Madison, measure- Departures 16|—0 10 06 +0. 
ments made on 5 days give a mean of 55 per cent with a | iisit . 
maximum of 65 per cent on the 2ist. These are slightly Lincoin, Nebr. 


below the normal values for August at both Washington 
and Madison. 


TaBLe 1.—Solar radiation intensities during August, 1925 
[Gram-calories per minute per square centimeter of normal surface] 
Sun’s zenith distance 0.83) 
0.69) 0.88 
8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon ‘ Led 
| Departures.....|.....- —0. 10-0. 05-0. 05 
Date 75th Air mass | Local 
mer. 1 Extrapolated. 
A. M. P.M. —_ TaBLe 2.—Solar and sky radiation received on a horizontal surface 
imagery [Gram-calories per square centimeter of horizontal surface] 
e 5.0 | 4.0 | 3.0 | 20 |110| 20 | 3.0 | 40 | 50 | e. 
Average daily radiation Average daily departure 
cal. | rem | cal, | cal. | cal. | cal. | cal from norma 
| 17.37 Wash- | Madi-| Lin- Chi- | New || Wash-/| Madi-| Lin- 
~ "0. 56) 0.72} 0.93) | 14.10 ington| son | coln | cago | York || ington; son | coln 
14. 1.08) 0.95) 0.86 0.65 15.11 cal. | cal. cal. cal. cal. cal, cal. | cal. 
818) 0.76 0.87) 1.04) 1.24) 1.43)... 382 518 522 360 359 || —77| +48 —12 
0.75} 0. 92|_____- 110.97  Aug.6...........-| 404 414 387 358 397 —46| —41| —129 
12. B)...... | 12,24 530 392 511 338 370 +95 | —49 +17 
18 | 14.10 509 511 550 424 373 +90 | +86 
TEAM Fon 430 491 480 433 +106} +27 +29 
(0.76) 0.71 0.79 0.96) 1. 18'(1. 08)/(0. 95) |(0. 86) |(0. 65) _____- 
|+0. 10 +0. 03 +0. 02/+-0. 03|—0. 07|+-0. Excess since first of year on Sept. 2, +2, 135 |+-2, 233 
| | 
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WEATHER OF NORTH AMERICA AND ADJACENT OCEANS 


NORTH ATLANTIC OCEAN 
By F. A. Youne 


The following table shows the average sea-level pres- 
sure and departure for the month, as well as the highest 
and lowest barometric readings at a number of land sta- 
tions on the coast and islands of the North Atlantic. 
The readings are for 8 a. m., seventy-fifth meridian time, 
and the departures are only approximate, as the normals 
are taken from the Pilot Chart and are based on Green- 
wich mean noon observations, which correspond to those 
taken at 7 a. m., seventy-fifth meridian time. 


Aver- 
age | Depar-| High- ‘Low- 
Stations pres- | ture est Date est Date 
sure 
Inches | Inches | Inches Inches 
St. Johns, Newfoundland._......-. 29.92 | —0. 30.28 | Aug.31 | 29.58 | Aug. 21 
Nantucket ---| 30.05 | +0.05 | 30.42 | Aug.24/ 20.74] Aug. 
Hatteras. ----| 30.05 | +0.01 | 30.32 | Aug.30/ 29.78 | Aug. 21 
30.00 | +0.02 | 30.08 |} 29,99 | 16 
New 30.05 | +0.08 | 3016 | Aug 29.96 & 
29.88 | —0.03 | 20.96 | Aug. 29.84 Aug. 6! 
30.03 | +0.03 | 30.12) Aug. 20.96 Aug. 19 
30.13 | +0.04| 30.26 |{AU8-* |\ 29 94 | Aug. 28 
30.26 | +0.06 | 30.42) Aug. 29.98/ Aug. 6 
Lerwick, Shetland 29.83 | +0.03 | 30.31 Aug.14| 29.52] Aug. 29 
Valencia, 29.97 | +0.05 | 30.44 Aug.30| 29.44) Aug. 21 
29.99 | +0.01 | 30.39 Aug.30; 29.56 | Aug. 22 
1 And other dates. 
Comparatively small departures were the rule. It can 


be stated also that the change in pressure from day to 
day was less than usual. 

The number of winds of gale force was somewhat above 
the normal over the northern steamer lanes east of the 
forty-fifth meridian, where they were reported on from 
two to four days, while moderate weather prevailed off 
the American coast. 

The number of days with fog was somewhat below nor- 
mal over the Grand Banks, and considerably above in the 
vicinity of Nantucket and over the steamer lanes east 
of the thirty-fifth meridian. 

The month began with depressions near Newfoundland 
and over the North Sea, and vessels in the middle section 
of the steamer lanes encountered moderate southerly 
gales. The western Low moved rapidly eastward and 
on the 2d was central near 55° N., 30° W., while the 
eastern depression remained nearly stationary, with 
moderate weather over the entire ocean. 

On the 4th northerly gales prevailed over the northern 
steamer lanes between the twentieth and fortieth merid- 
ians, as shown by storm report in table from the British 
S.S. Manchester Merchant. 

On the 6th there was a Low central near 55° N., 35° W., 
and moderate to strong northerly to northwesterly gales 
were reported on that date and also on the 7th from a 
limited area between the forty-fifth and sixtieth parallels 
and the thirty-fifth and fortieth meridians. This Low 
drifted slowly eastward and on the 10th was off the north 
coast of Scotland, where it remained nearly stationary 
until the 12th. During this period moderate weather 
prevailed on every day except the 11th, when south- 
westerly gales occurred Letaiien the forty-fifth and fiftieth 
he s and the twenty-fifth and thirty-fifth meridians. 

s depression was comparatively deep, with a minimum 
ead reading of 29.28 inches on the 9th near 58° N., 


4 


No gale reports have been received covering the period 
from the 13th to 18th, although at times the pressure 
gradients were fairly steep. 

At the time of observation on the 19th the weather was 
still moderate, but later in the day the barometer began 
to fall over both the eastern and western sections of the 
ocean, and from the 20th to 22d there ensued the severest 
weather of the month. The conditions for this period 
are shown by Charts VIII to X. 

On the 20th, as shown by Chart VIII, there was a 
fairly well defined depression near Father Point, Quebec, 
and also a secondary Low central some distance northeast 
of Bermuda. At the time of observation on both the 
19th and 20th winds of force 4 to 6 were recorded in the 
vicinity of Bermuda, but early in the morning of the 20th 
the American S.S. Antinous, about 150 miles to the north- 
east of the islands, ran into a gale of short duration that 
attained hurricane force. No storm logs have as yet 
been received from any other vessel near the Antinous— 
and there were several not far away—although a heavy 
and confused sea was reported. 

On the 25th the trade wind in the Caribbean Sea was 
unusually strong, as shown by report in table from the 
British S. S. Eeuador. 

On the 25th a moderate disturbance was central near 
53° N., 30° W., that moved slowly eastward, and on that 
date and the 26th westerly gales were encountered in 
the southerly quadrants. 

On the 27th a depression with its center near 50° N., 
40° W., was responsible for gales over a limited area. 
On the 28th westerly winds of gale force prevailed be- 
tween the fifty-fifth and sixtieth parallels and the tenth 
and twentieth meridians, and on the 29th westerly 
winds of force 7 were reported by land stations on the 
a coast of Scotland, and also by vessels in the North 

ea. 

On the 30th there was a shallow depression near 
40° N., 45° W., surrounded by winds of force 7 to 8, 
pepenge no storm logs were rendered by the reporting 
vessels. 

On the 31st westerly gales were reported from a limited 
area near Lerwick, as bona by report in table from the 
Danish 8S. S. Frederik VIII. 

Three waterspouts were reported during the month, 
as follows: 

American S. S. Broad Arrow, Capt. W. J. Vanden 
Heuvel; observer, P. H. Browne, Colon to New York: 

August 5, in 21° 49’ N., 74° 18’ W., 11 a. m. Waterspout 
formed about 2 miles astern of vessel. The funnel extended from 
clouds two-thirds of distance to water surface, and for distance 
of 150 feet upward from the sea appeared like heavy vapor rolling 
upward and outward. The funnel did not at any time connect 
with surface of the water so as to be visible to the nakedeye. The 
center of the funnel appeared to be moving upward at a good 
rate. This lasted for about half an hour and then broke up. It 
traveled only about 4 miles to westward from the starting point. 
Barometer 30.16 inches, temperature of air 82°, sea 82°. Wind 
NE. 1, weather cloudy, Cu.-Nb. 8. Shortly afterwards heavy 


rain qualls, with thunder and lightning. Wind variable, 1 to 2, 
for 214 hours. 


American S. S. Abron, Capt. A. W. Pearson; observer, 
% ne second officer, Valencia, Spain, to New 
ork: 


On August 7, at 3.48 p. m., in 36° 10’ N., 47° 28’ W., observed 
a large waterspout on starboard bow. It was descending from 
a black cloud and had a curved stem reaching down to the water. 
It remained stationary about 8 minutes and then slowly disap- 
peared. Did not cause any change in the weather. 
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American S. S. Hera, Capt. A. F. Mellgard; observer, 
H. I. Christensen, Marseille to New York: 
August 30, 2 a. m., in 35° N., 53° 15’ W. A large waterspout 


rising. In shape of inverted V until covering the moon and skies 
in the SW., then moving slowly to the south and east and then 
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disappearing ina rain squall, During the time it was passing and 
making up the wind was calm. After passing, the sound of dis- 
tant humming was heard. No water fell on or near ship. Time 
from beginning to breaking was about 2 minutes. Distance of 
vessel about 7 miles. Before and after passing, clear moonlight, 
gentle NW. breeze, moderate sea. 


Ocean gales and storms, August, 1925 


Voyage Position at time of Direc- | Direction | Direc- 
lowest barometer Time of Low- | tion of |and force of; tion of | Highest Shifts of wind 
Vessel Gale lowest Gale est | wind wind wind force of near time of 
began | » ter | ended barom-| when | at time of| when | wind and |) barometer 
F T Lati- Longi- arene eter gale lowest gale direction 
— mn tude tude began | barometer | ended 
NORTH ATLANTIC 
Merchant, | Manchester N. |50 20N., |31 02 W. | 3d_...-- 29. 54 | NW., 8....| Steady. 

r. 8. 8. 3 
Maine, Dan. Montreal_.... Copenhagen .'57 10N. |36 15 W. | 9a.,6th...| 7th...... 29.29 | N._... NNE..| N., 9...--- N.-NNE. 
Dania, Dan. 8. Neweastle....| Boston... 50 OON. 39 W. | 6th__.-- 10 p. 29.78 | NW...| NNW..--.| NNW.,8..| Steady. 

Am. m,8.8...| London-.....- New York.../48 O8N. |26 25 W. | 10th..../ 4p. 11th...) 12th... BW BW ., SW., 9....| SW.-NW. 

Hoosac, Br. Liverpool....| 49 40N. 25 W. | 19th....| 8p.,19th__| 20th.._.. 20. 57 | SW ...| W., 10..... NW....| —, 11...... SW.-W. 

Antinous, London-..... Mobile....... 34 38N. 63 05 W. | 2:30a.20th| 20th__._. 29.34 | SW...) SW., 9....) W..-... —, 12...... 4 pts. 

Brit. Star, Br. 8. Port Arthur 47 30N. |22 54 W. | 3a., 20th__| 20th..._- | NW....| NW., 9....| 8.-NW. 
on. 

47 51N.|15 56 W. | 20th....| 4p.,2Ist_..| 29.83 | NW...| NW., 9....| NNW .| NW., 9....| NW.-NNW. 
Campgaw, Am. | Philadelphia.|49 OON. |22 12 W. | 2p., 22d...) 23d....-. 20.62 | W..... NNW...) —, 8......| W-NW. 
Bird City, Am. 8.S_.....| Copenhagen _| Portland, Me|51 10N. |40 58 W. | 5p.,25th..| 20th..__. 29.46 | NW...| NW., 8...| NW....| —, 8....-.- NW.-NNW. 
Ecuador, Am. 8. New York-..-| Canal Zone..|13 OON. |75 00 W. | 24th....| 6a., 25th 26th... 29.79 | NE., 7....| NE.-...| NE., 7....| E.-NE. 
Stockholm, Swed. S.S_..| Gothenberg..| New York..-|57 46N./|16 42 W. | 27th....| 4a., 28th 20th..__. 29.40 | SSW..| SSW., 8...] WSW.,10.| SSW.-W. 
Dan.:| 59 20N.| 9 00 W. | 3ist___-| 8p., 3lst _.| Sept. 2..| 29.70; WSW_| WSW., 8..| WswW.-wW. 
SOUTH PACIFIC | 

OCEAN 
Makura, Br. 8. Rarotonga 00 S. |174 00 W. | July 30_| Aug. ENE .| EB. ....... ESE...) ESE., 9...| ENE.-ESE. 

NORTH_ PACIFIC 

OCEAN 
West Calera, Am.8.S--- N. | San Francisco |15 55N. |152 30 W. Gay 29.74 | NE...) NE., 8....) E_.....; NE., 9.... 
Vancolite, Can. S$. S......| San Pedro....| Iquique...... 18 51N. |105 27 W. | 16th....| 5p., 16th..| 17th..._- 29.79 | NE_..| NE., 3....| ESE_..| ESE., 9...| NE.-ESE. 
West Cayote, Am. 8. Japan_......- San Francisco |46 27N. |173 34 E. | 19th....| midt 19th _| 22d__.._- 29.47 | ENE .| ENE.,7..| SW...-| NE., 9....| NE.-N.-NW. 
West Prospect, Am.S.S-.| San Francisco; Japan........ 33 O6N. |136 30 E. | 20th._..| 7a., 20th 2ist__._- 29.93 | E..... Bu, Steady. 
Carmona, AM. Yokohama.../47 30N. |175 30 E. | 28th....) 1p.,29th..) 29th... 29, 42 | S_..... SW., 8....| NNW sW., .---| SW.-WNW. 
Yokohama Maru, Jap. | Yokahama-.-| Victoria_..... 43 26N. |162 44 E. | 28th....| 5p., 29th 30th._._. 29.37 | SSW-..| S., 9....... WSW..| —, 10_..... SSW.-S. 


NORTH PACIFIC OCEAN 
By Epwin Hurp 


The eastern North Pacific high-pressure area was well 
established in August, as during several consecutive 
previous months. In fact, it was less disturbed by 
cyclones than is usually the case; hence generally settled 
weather and light winds prevailed over the greater part 
of the region betweia the Hawaiian Islands and the 
United States. Near the crest of the n1gH the pressure 
averaged about 30.40 inches—some 0.10 inch above the 
normal. 

Results of this at Honolulu were: Fair days in exce 
tional number, wind directions almost entirely from the 
east, and, owing to the considerable gradient on the 
lower slope of the nicH, a record average wind velocity 
for August of 11 m. p. h. The maximum velocity of 
35 miles, from the east, on the 3d, equaled the previous 
record. Rainfall at Honolulu continued light, the total 
being only 0.18 inch, or 1.10 inches less than the normal. 
It was the second driest August on record. 

There was some low pressure along the 50th parallel, 
but no pronounced poll conditions until near the 


end of the month, when a rather intense Low, apparently 
having moved from the eastern coast waters of Asia, 
was central near 50° N., 175° E., on the 29th, accom- 
panied by gales, one vessel reporting a wind force of 
10. It advanced into Bering Sea and lay over western 
Alaska on the 31st. 


Pressure for the island stations in the eastern North 
Pacific, and for a few stations on the American coast, 
are given in the following table: 


Depar- 

3 Average i te | Lowest | Date 

Station pressure — — Highest | Date 
320.82 | +0.06 30.34 | 19th 29. 22 30th 
29. 83 +40. 08 30.36 | 20th 29. 56 3ist 
Midway Island !_....______. 4 30.03 —0. 06 30. 24 31st 29. 90 7th 
29. 99 —0.02 30.09 | 20th 29. 87 24th 
30. 01 —0.61 30.25 | 15th 29. 68 29th 
Tatoosh Island 5____..______ 6 30.05 0.00 30. 33 3d 29.79 22d 
San Francisco 6 29. 98 +0. 04 30.14} 20th 29, 81 16th 
629.93 | +0.04 30. 05 3d 29. 82 16th 


1 P. m. observations only. 

? Data missing. 

? 26 days. 

430 days. 

5 A. m. and p. m. observations. 
6 Corrected to 24-hour mean. 


The minimum pressure readings in the Gulf of Alaska 
and lower Bering Sea stations occurred coincidentally 
with the highest reading at Midway Island. 

Low pressure prevailed in the Far East, and con- 
siderable cyclonic activity occurred, though our avail- 
able vessel reports from these waters give only meager 
indications of. the extent and violence of the storms. 
A typhoon coming in from the ocean on the 17th cause 
several deaths in southern Japan, and wrecked houses 2 
Osaka and other cities. The American steamer West 
Prospect, while not far from Yokohama on the 18th, 
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experienced the retreating southerly winds, force 7, of 
this storm, and checked speed to avoid possible trouble. 
But two days later, while en route toward China, in 
33° 06’ N., 136° 30’ E., she ran into an easterly gale, 
force 10, of another typhoon, in which she hove to fon 
7 a. m. of the 20th until 5.30 p. m. of the 21st. 

Further discussion of the storms of this region is found 
in the article by the Rev. José Coronas, S. J., at the end 
of this section. 

In Mexican coast waters an apparently small and 
only moderately intense tropical cyclone occurred on 
the 16th. On that date the American steamer Maricos 
H. Whittier experienced a SE. wind, force 7, in 17° 15’ 
N., 106° 02’ W., at 6 a.m. At 5 p. m. the Canadian 
steamer Vancolite, northward bound, ran into a moderate 
Bale, ‘‘wind increasing in squalls to force 9, ESE., 

arometer 29.79, heavy sea, vessel pitching and straining 
heavily, and shippi heavy water.” This was in 
18° 51’ N., 105° 27 Ww 

The American steamer West Calera, Sydney, N.S. W., 
to San Francisco, reports a gale which, on account of 
its position and its attendant barometric depression, is 
of interest. The following is the account by the observer, 

Mr. A. Skjellerup. 


On July 31, 1925, in latitude 15° 20’ N., longitude 152° 12’ W., 
encountered severe gale at 2 p. m. with showers, 
squalls, and heavy swell from NE. The wind remained steady in 
direction and gradually increased till 7 a. m., August 1, when it 
reached force 9. Overcast and raining. At 11 a. m. wind veered 
to east, easing gevely. from then to force 5 at 7 p. m. At 2 
p. m., 31st, the barometer was 29.88, falling gradually till 6 a. m., 
lst, when it was 29.74, from then commencing to rise slowly, read- 
ing 29.92 at 7 p. m. 


Except as noted above, few and inconsequential gales 
seem to have occurred along the great northern steamship 
routes. 

Fog, as in July, was frequent and heavy in upper 
latitudes, and several vessels en route there reported a 
continuance of it for days ata time. It also was observed 
on several dates along practically the entire American 
coast from northern Alaska to near Cape San Lucas. 


American S. S. ‘‘ Mexican,’”’ Canal to Los Angeles.—August 14, . 


12 noon, in 16° 12’ N., 99° 15’ W., passed a very large waterspout 
about 2 miles off. Two smaller ones near by had either just broken 
up, or were just about to form. Gentle E. breeze, cloudy (A.-Cu. 
and Cu.-Nb.), barometer 29.89, temperature of air 84°, of sea 78°. 


INDIAN OCEAN 


_ Observations covering a considerable part of August 
indicate that the southwest monsoon was especially 
strong in the Arabian Sea, being of force 8 on several 
days. The American steamer Ensley City, Shanghai to 
Calcutta, from August 2 to 16, reported “SW. monsoon 
winds very regular in south China Sea and Bay of Bengal, 
especially strong in latter.” — W. H. 


TWO JAPAN AND ONE FORMOSA TYPHOONS, IN 
AUGUST, 1925 


By Rev. Coronas, J. 


{Weather Bureau, Manila, P. I.] 


Although the rainfall in the Philippines during the 
past month of August has been quite above the normal, 
yet there was no real typhoon over the Philippine Archi- 
pelago in the whole month but only a low-pressure area 
covering the northern part of Luzon on the 29th. Three 
Severe typhoons, however, were shown by our Weather 

aps over the Far East, two over or near Japan and 
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one close to north Formosa, although only that of For- 
mosa influenced the weather in the Philippines. There 
was another typhoon near Guam at the aa of the month, 
but its track beloneas rather to the month of September. 
The low-pressure area of Luzon of the 29th moved on 
the 30th to the China Sea, where it developed into a 
depression or typhoon near the Paracels and probably 
filled up on September 2 near the Indo-China coast. 

The first Pacific typhoon was probably formed on the 
9th to 11th near 140° longitude E. and 15° latitude N. 
It moved first to NNW. and N. by W. and was met by 
the Japanese transport Ondo on her way from Tokio to 
Borneo, when she was in 134° 40’ longitude E. and 
24° 30’ latitude N., her barometric minimum being 732 
mm. (28.82 inches) at 8 a. m. of the 14th, and the winds 
agg with hurricane force (11 Beaufort scale) from 
N. by EK. While the barometer was rising after 8 a. m., 
the winds backed rapidly to NW., WNW., W., and WSW. 

The typhoon moved practically to the north on the 
16th and the morning of the 17th. After noon of the 
17th it moved northeastward across the Sea of Japan. 
At 6 a. m. of the 17th the typhoon was over southwestern 
Japan. The approximate positions of the center at 6 
a. m. of the 14th to 18th were as follows: 


Latitude | Longitude 
° 


The second Pacific ty — on our Weather 
Maps of the 17th to the ENE. of Guam, near 150° longi- 
tude E. and 17° latitude N. It moved W. by N. until 
the 23d, when it recurved to NNE. near 138° longitude 
and 19° latitude, increasing considerably its rate of 
progress after two days of a very slow movement. At 
6 a. m. of the 24th its center was shown in our Weather 
Map about 115 or 120 miles to the west of the Bonins, 
where the barometer had fallen to 740 mm. (29.13 
inches), with southeasterly winds, force 6. During the 
24th and 25th the typhoon moved to NNW. and NW.; 
on the 26th it took again a NNE. direction and in the 
morning of the 27th it traversed central Japan, probably 
as only a depression and moving N., although in the 
afternoon of the same day it recurved to ENE., entering 
again the Pacific on the 28th. 

The Formosa typhoon was probably formed on the 
22d to 23d about 350 or 400 miles to the east of north 
Luzon. After remaining almost stationary or moving 
very slowly to WNW., NW., and N. on the 23d, the 
24th, and the morning of the 25th, it increased its rate 
of progress in the afternoon of the 25th while moving 
NNE. about 300 miles to the east of Bashi Channel. 
But in the afternoon of the 26th it took almost suddenl 
a WNW. direction toward Meiacosima group of Islan 
and north Formosa. Its center passed over Meiacosima 
in the early morning of the 27th and very close to north 
Formosa in the afternoon of the same day. Two steam- 
ers were much involved in this typhoon near Formosa in 
the northern part of Formosa Channel—the Japanese 
steamer Mayebashi Maru, with barometric minimum 
737.09 mm. (29.06 inches), wind NW. 10, at 3 p. m. of 


the 27th, in 120 34’ longitude E. and 25 24’ latitude 
N., and the American steamer President Jefferson, with 
a barometric minimum 743.75 mm. (29.28 inches), wind 
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NW. 8 at 2 p. m. of the 27th in about 120° 28’ longitude 
E. and 25° 43’ latitude N. 

The approximate position of the center at noon of the 
27th was 122° 20’ longitude E., 25° 20’ latitude N. 
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Once in China the typhoon recurved to the north and 
northeast on the 28th and 29th to the west of Shanghai 
and on the 30th it traversed Korea and the Sea of Japan, 
moving ENE. 


DETAILS OF THE WEATHER IN THE UNITED STATES 


GENERAL CONDITIONS 


The month like its immediate predecessor was on the 
whole warm and dry. In the Southeast, the Southwest, 
and locally in some of the North Central States the 
drought of July was intensified with the result that a 
serious situation with respect to water for stock and even 
for domestic purposes obtained in many localities. The 
usual details follow.—A. J. H. 


CYCLONES AND ANTICYCLONES 
By W. P. Day 


Low-pressure areas were rather numerous, but none 
were important as storms with the exception of a very 
small disturbance which passed north of Bermuda on the 
19th-20th. The latter attained nearly hurricane inten- 
sity over a short path northeast of Bermuda and was 
still in evidence on the 21st, south of Newfoundland. 

High-pressure areas were about normal in number, but 
the majority, as in the preceding month, were of the so- 
called Alberta type. Five of the nine that were plotted 
carried through to the Atlantic coast, causing frequent 
alternations in temperature. 


FREE-AIR SUMMARY 
By V. E. 


The average free-air temperatures at the aerological 
stations show about normal values at all altitudes, 
except at Ellendale and Due West, where a slight, rather 
uniform, positive departure with altitude was recorded. 
(See Table 1.) Free-air temperatures from day to day 
showed but slight variation, closely following the average 
daily surface temperatures in that respect. Notwith- 
standing the unusual dryness over considerable areas 
represented by aerological stations, relative humidities 
aloft showed no corresponding deficiency, except at Due 
West, where they were decidedly below normal at all 
altitudes observed. 

The free-air tables for this month include for the first 
time meteorological data from airplane observations 
recently begun at the naval air station at Washington, 
D. C. (See Table 3.) As this method of observation 
does not include the recording of wind velocity and direc- 
tion, that portion of the data in Table 3 pertaining to 
wind is taken from the results of silotibalions observa- 
tions made simultaneously, or nearly so, at the central 
office of the Weather Bureau at Washington, D. C., a 
short distance from the naval air station. 

The free-air temperature record for Washington shows 
an average lapse rate about six-tenths of the dry adia- 
batic, which was probably about normal, inasmuch as the 
other aerological stations show the usual lapse rate for the 
time of year, ranging from slightly less to slightly greater 
then the value for Washington. The following record 
of the naval air observation on the 20th may be of 
interest in connection with the thundershower that fol- 


lowed it in a few hours. The storm occurred soon after 
the surface wind changed to northwesterly from southerly. 


Temper- Relative Wind 
Altitude m. s. 1. At Wind ‘ 
ature, |humidity velocity 

(meters) °C. 100m. |(per cent) direction (m. p.s.) 
17.3 0. 92 85 | WNW. 7 
9.7 0. 55 36 | WNW. 13 
7.9 0. 58 44| WNW. 15 


Due West shows the only important exception to a 
general state of normal winds for the month, the records 
of that station giving resultant winds of northeasterly 
component up to about 1,500 meters, as distinguished 
from the normal condition of northeasterly winds at the 
surface only. These northeasterly winds of moderate 
depth were the effect of a predominant pressure condi- 
tion over Due West consisting of n1cHs with centers to 
the north and northeast. As a result dry weather 
continued over Due West with but little interruption. 

At Ellendale on the 23d the highest surface temperature 
of record for August occurred at the afternoon maxi- 
mum, although the record high temperature for August 
at 1,000 to 2,500 meters above sea level occurred in the 
early morning of that date. The rise of temperature 
to the high maximum in the lowest few hundred meters 
was accomplished by a few hours of insolation, aided by 
the strong chinook wind which blew during the morning 
in question and probably also during the precedin 
night. The influence of the chinook was strong aloft 
during the night, but it seems to have been largely offset 
at the surface by radiation. The development of the 
high surface temperature in this case differs from that 
noted for Broken Arrow in the June, 1925, Free-Air 
Summary, where the heating was attributed to the 
cumulative effect of insolation in connection with light 
winds to great heights. A Low was centered north of 
Ellendale on the 22d and west of it on the 23d. 


Rela- Wind Rela- . Wind 
Tem tive Tem. tive 
ture, | midity ure, | midity 
Altitude, m. s. 1. ( Diree-| Ve- Direc- | Ve- 
per (per 
meters cent) tion | locity cent) tion | locity 
Aug. 22 Aug. 23 
Surface (444)_...--- 18.5 70 22.0 76 | SSE. 8 
ea 21.4 39 | SSW. 10| 324 22; SW. 22 
20.8 23 |\WSW 8] 23.8 21 | SSW. 19 
11.6 23 SW 6] 142 43 | SSW 16 


The kite flight at Drexel on the 18th is an illustration 
of change in wind direction at the surface and_ aloft 
attending the passage southeastward over the station of 
the center of a weak low-pressure area. The inversion 
above 1,000 meters due to colder northeast wind under- 
neath is apparent from the figures; also the change to @ 
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southerly from a northerly component from 1,500 meters 
to above 2,000 meters, and an oppositely directed change 
at the surface. This flight was followed by a thunder- 
storm in the early morning of the following day. 
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TaBLE 1.—Free-air temperatures, relative humidities, and vapor 
pressures during August, 1925 


TEMPERATURE (°C) 


Broken Royal 
Drexel, | Due West, | Ellendale, | Groesbeck, 
Arrow, | Nebr. 8.C. N.Dak. | Tex. 
Altitude, | Tempera- pete Wind di- Wind (233 m.) (206 m.) (217 m.) (444 m.) (41 m.) (225 m.) 
Time m.s.l, | ture, y rection | Velocity, Alti- 
Direc- | Velocity | (meters)| °C. cut m. p. 8.) tude 
tion | (m.p.s.) m. s. 1. De- De- De- De- De- De- 
ure ure re ure ure ure 
7:08 m..... sw 6 500 22.4 70 sw. 17 Mean trom | Mean} trom | Mean) from | Mean prom | Mean) prom | Mean] trom 
7:18 a. SW 5| 1,000 28. 8 39 Ww. il 8-yr. 10-yr 5-yr. 8-yr 7-yr. 8-yr 
7:30 @. 5 1, 500 26. 4 37| WNW. ll mean mean mean) mean mean mean 
7:40 a. Wsw 5| 2000 22.3 43 | WNW. ul 
8:12 a.m..... Wwsw 4| 3,000 13.4 53 Ww. 12 
9:05 a. m....- wsw 4| 4,000 5.0. 44 W. Surface..| 26.3] —0.7} 22.6/ 27.4 +1.4| 21.5; +0.9| 27.2, 40.21 23.1, 
9:59 a. m_.... 2| 3,000 14.0 53| WSW. 26.31 27.01 26.2} +0.1| 22.9] —0.6 
10:13 a. m....| NNW 2 2, 000 22.4 47 SSW. 7 500....... 25. 8} +0.2} 21.9) —O.2) 24.1) +1.1) 21.6) 41.1) 24.1) —0.2| 21.0) 
10:18 m.... 1 1, 500 26. 6 44 8. 7 24.8) +0.4) 21.2) —0.1) 22.1) +0.8) 20.6; +1.0) 23.2) —0.1/) 19.5) 
10:25 a, m.... N. 1 1,000 23.3 74 NE. 7 1,000..... 23. 5} +0.4; 20.3) 0.0) 20.4) +0.7| 20.1) 22.4) +0.1) 17.7) —0.3 
10:28 a. m....| NNE. 1 500| 28.6 65| NNE. 2 1,280..... 21.9} +0.3] 19.1] 0.0) 18.7) +0.5| 19.1/ +1.9| 21.0, 16.2| —0.3 
1,500._... 20.1) +0.1) 17.9) +0.1) 17.2) +0.5) 17.5) +1.8) 19.5) —O0.1) 15.0) —0,1 
16.4} 0.0} 14.8; 0.0} 14.8 +1.0' 14.3] +1.5| —0.3| 11.9) 
quite general occurrence during the last decade, more  4,000----- 3.4) +0.2) 2.7) 20) 20/408 29) -0.6) —21 
and eastern portions of the country were then largely 
under the influence of extensive, slow-moving HIGHS. RELATIVE HUMIDITY (%) 
The height to which these easterly winds were sometimes , 
observed is shown in one case by the single-theodolite Surface..| 69, —4 +1 
pilot-balloon observation at Groesbeck on the 7th, where 
an abrupt shift from west to east-northeast occurred at 
10,000 meters, where cirrus clouds were observed moving 55} —4| 42 47, 50) 66 0 
from the latter direction. The wind continued from an 
easterly to northeasterly direction thereafter to the upper —_2,500----- 66) +4) = 1 49} 62, +5} 44} 
3,000..... 61} —9 —22) 48-2) +101 47) —3 
limit of observation at 13,400 meters. Also at Broken 59 43; —13 —18} 62) +14, 
Arrow on the i8th, ihe two-theodolite observation to 3 36) 03) +2, 
14,300 meters showed generally easterly winds at all 82) 
altitudes above 7,000 meters. However, the seasonal 
recedence of the conditions causing Labia easterly VAPOR PRESSURE (mb.) 
winds to high altitudes is already apparent in the records | odie. 
for August in the fact that resultant winds having an 18 23. 89|—0.61) 18 19 
; sdenece at anv  500------- at —3. 12) 13.72) — 1 16, —0. 30 
easterly component were only shi htly evidence at any 16. 75|—1. 14) 15. 09) 14. 96;—2.94 12,05)/—0. 99) 18. 82!—0. 39) 14 65|—0 53 
of the southern stations north of Key West, and at the 15. 34/0. 98} 14. 13.42)—2. 99) 10. 94)—0. 87) 15. 67)—0. $6) 13. 45 
latter station were evident principally in the records of 18. 29-0. 29 12 25 10 10 07|—0. 08 1 32/0. 39 10,73 —0. 08 
; ,000..... . 19|—0. 62) — 11. 28; —0. 02 17|—0. 72 
the morn observations. At ail Juan, P. R., and 2,500... 9, 23|+-0. 22) 7. 22)—0. 69) 6.61 6. 21; —0. 19 9. —0. O1 3. 97| —2. 72 
Kingston, Jamaica, the easterly component was per- 3,000... 6.47)—0.48} 5. 72) 4. 141 +0. 59) 3.04 00 
sistent, the records for those stations showing easterly 23-0. 70 2 26 4, 40|—0. 31 2. 701-0, 09 5.90/41.38| 0,992.15 
winds on every day and at practically every altitude  }i)----| ee 
observed. 
TaBLe 2.—Free-air resultant winds (m. p. s.) during August, 1925 
Broken Arrow, Okla. Drexel, Nebr. Due West, S. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind. 
(233 meters) (396 meters) (217 meters) (444 meters) (141 meters) (225 meters) 
Altitude, 
Bi Mean 8-year mean Mean /10-yearmean| Mean 5-year mean Mean 8-year mean Mean 7-year mean Mean 8-year mean 
pir, lve! pir. pir. pir. pir. lve| pir. lve} pir. |vel| pir. pir. pir. pir. lve) pir. {vel 
Surface...__ 8.| 3.918. 1°W.] 3.5/8. 12°E,| 1.6/8. 14°E.| 1.6\N. 25° 1.8\N. 26° E 0.38. 7°W,| 1.7/8. 35°W.| 0.918. 13°W.| 2.4/8. 15°W.| 3.018. 63° E.| 0. 2/8. 60°W.! 1.4 
500., 6. 12°W.) 5. 4/S. 20° E.| 3.8/8. 10° E.| 2.3/N. 29° E.| 2.4)N.26°W.) 0.5/S. 7°W.| 2.4/8. 30°W.) 1.4)S. 17°W.) 4. 7/S. 22°W.! 5.7/S. 62°W.) 1.7/8. 65°W.| 323 
‘| 7.218. 19°W.| 6.018. 16°W.| 4.7/S. 5°W.| 3. 22° E.| 2. 51N.36°W.| 0.7/S. 27°W.| 4.3)S. 35°W.| 2.48. 14°W.| 5. 51S, 20°W.| 5.9\N. 79°W.| 2 7/8. 72°W.| 4.3 
1,000... .| 7.0/8. 27°W.| 6.3/8. 22°W.) 5. 6/S. 22°W.| 3. 21° E.| 2. 7|N.31°W.) 0. 7|S. 38°W.) 4.9/8. 46°W.| 2.8/5. 4°W.) 5.0/S. 20°W.| 5.8.N.87°W.) 3.4/8. 79°W.| 5.4 
1,250... 6. 34°W.| 6.08. 29°W.| 5. 45°W.| 3.3\N. 9° E./ 2 2iN.53°W,| 1. 38°W.| 5.08. 54°W.| 3.1/8. 13°W.| 4.0/8. 18°W.) 5.4/8. 87°W.| 4. 5/8. 83°W.| 6.1 
1,500. 6.68. 40°W.| 5.9/8. 40°W.) 5. 6/S. 49°W.| 4. 1)N. 2° 2. 7/N.68°W.| 1. 6/S. 47°W.| 5.9.8. 58°W.) 22° E.| 3. 16°W.| 4. 7|N.86°W.) 5.2/8. 87°W.! 6.8 
2,000... 62'S. 45°W.] 5. 21S. 48°W.| 4. 7/S. 64°W.| 5.0/N.12°W.| 3.2/N.66°W.| 2.5/S. 51°W.| 7.4'S. 78°W.| 4.8/8. 33° E.| 3.818. 7°W.) 4.0/N.83°W.) 5.9/S. 88°W.) 7.8 
2,500... .| 69,8. 48°W.| 5.4/5. 58°W.| 4.4/8. 72°W.) 6.4/N.12°W.| 2.9/N.71°W.) 3.4/S. 64°W.| 9.3.8. 88°W.! 8. 28° E.| 3.68. 7°W. 3. 9/N.77°W.) 9. 2|N.87°W.| 9.3 
8,000. 36°W.| 7. 47°W.| 6.0/S. 79°W.| 4. 1)S. 81°W.| & 2.N.36°W. 3. 1IN.80°W.| 4. 818. 66° 8.5/8. 25° E.| 3.58. 11°W.| 4.1/N.77°W. 9. 8 
32°W.| 7.7/8. 42°W.| 6.918. 74°W.| 4. 3\S. 82°W.| 9. 4IN.85°W.| 7. 2/8. 89°W.| 7. 82°W.|13. 2 N.82°W.|11. 4.8, 19°W.| 4. 2'S. 14°W.| 5.0|N.77°W. 10. 8.N.88°W.|10. 9 
. 30°W.) 48°W.) 8. 1/8. 59°W.) 6. 5)S. 86°W.)10. 6 9. 7|N.88°W.| 9.1/8. 87°W./12.2 N.80°W./11.9'S. 22°W.| 3° E.| 3.4/N.83°W. 13. 89°W./12. 6 
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NAVAL AIR STATION, D. C. 


TaBLe 3.—Mean free-air temperature, humidity, and vapor pressure 
oe" eps 4 wind (m. p. 8.) during August, 1925, at Washington, 


Naval Air Station (7 m.) 


Altitude m. s. 1. (m.) Wind 
Temper- | Relative} Vapor 
ature humidity} pressure 

% (mb.) | Direction | Velocity 
22. 4 79 21.52 | N. 27° W 0.7 
21.9 71 18.60 | N. 38° W 1.3 
22.1 65 17.18 | N. 538° W 1.5 
20.9 65 16.04 | N. 50° W. 1.4 
19.4 67 15.03 | N. 58° W. 1.5 
EMO ddate<cudslachutscndbaeiacd 16.0 69 12.83 | N. 36° W. 2.2 
13. 2 68 10.56 | N. 31° W. 3.3 
10.4 61 7.96 | N. 38° W. 3.8 
7.4 57 5.97 | N. 47° W. 4.4 
3.6 58 4.23 | N. 60° W. 5.1 
66 3.51 | N. 62° W. 5.3 
—2.0 46 1.57 | 8. 87° W. 5.5 
—3.8 39 0.85 | N. 81° W. 6.5 


THE WEATHER ELEMENTS 
By P. C. Day, in Charge of Division 


PRESSURE AND WINDS 


The important feature in the distribution of the mean 
atmospheric pressure was the distinct upbuilding of the 
high pressure area usually existing over the Southeastern 
States, and its northward extension into the Great Lakes 
region, New England and the Canadian Maritime Prov- 
inces. In fact the pressure for the month was distinctly 
of the anticyclonic type, an unusual number of high areas 
entering the country from the Canadian Northwest, and 

ersisting for rather lengthy periods over the more eastern 
istricts, particularly during the last decade. 

Cyclones were, as usual in summer, mainly of slight 
intensity, and those maintaining their identity over any 
extensive tra#@ks were confined largely to the more 
northern districts. 

The only important cyclone to traverse the interior 
districts had its origin in the far Southwest and assumed 
definite 2 em by the morning of the 11th, when it 
was central over Kansas. During the following three 
days it moved slowly Northeastward to southern New 
England, attended by precipitation over considerable 
areas near its center, the falls being heavy in portions of 
Iowa, Illinois and Missouri, moderate in some near-by 
localities, and generally light to the eastward. 

Average pressure was above normal over the entire 
United States, save for a small area in the far Northwest, 
and in Canada also except over small areas near the bor- 
ders of Montana and North Dakota. Over all central 
and eastern districts it was well above the normal. 

Compared with July pressures, those for August were 
higher over all southern, and most central and eastern 
districts, and in Canada from the Great Lakes eastward, 
the excesses over the July values being unusually large 
for a summer month in the Great Lakes, St. Lawrence 
Valley and near-by areas. In the Northwestern districts 
and over western Canada the August averages were 
materially lower than those for July. 

Winds were mainly light, a ste es of stations report- 
ing the least total movement of record for August, and in 
some cases less movement than for any previous month. 

The usual number of local high winds associated with 
thunderstorms occurred, though loss of life and damage 


Aveust, 1925 


y property were mainly less than frequently happens in 

st. 
ewe the center of high pressure was over the middle 
Appalachian Mountain region, the wind circulation over 
the eastern third of the country conformed mainly to that 
usual in anticyclonic areas, from the Northeast over the 
Atlantic coast districts, easterly in the Gulf States, south- 
erly in the middle Mississippi Valley; and south to south- 
west in the Great Lakes region. Between the Mississippi 
Valley and the Rocky Mountains the prevailing aide 
were almost uniformly from the south. In the far West, 
particularly along the California coast, where in August 
the winds are mainly strong from the northwest, this 
month they were frequently from the south or southwest. 
and generally light. 

The important details of the principal wind, hail, or 
other storms are given in the table following this section. 


TEMPERATURE 


There were few important rapid temperature changes, 
though there were some unusually heated periods, and 
others that were distinctly cool, but these were the result 
mainly of gradual heating or cooling. 

The first few days were moderately cool from the 
Rocky Mountains eastward; in fact over portions of the 
Middle Plains the first was the coldest day of the month, 
in a few sections the coldest of record so early in August. 
At the same time some of the highest temperatures were 
experienced in the far West. For the week ending the 
11th temperatures were mainly moderate, though above 
normal generally over the northern and eastern districts 
and below in the Southwest. 

The week ending the 18th was on the whole warmer 
than normal from the Great Plains eastward, the excesses 
becoming greater toward the south. In the far West, 
particularly over the Plateau, this week was distinctly 
cool. The week ending the 25th continued warm during 
the greater part over the central and eastern districts, 
the 19th and 20th being excessively warm over the 
Southeastern States where the maximum temperatures, 
ranging up to 110°, were in many cases the highest ever 
experienced in August, and in some cases higher than for 
any previous month. In the far West this week was 
moderately cool, freezing temperatures being reported 
from exposed points in Idaho and Oregon. 

The Jast week was mainly warmer than normal between 
the Appalachian and Rocky Mountains, and cooler in the 
Plateau and Southwest, and over the Atlantic and Gulf 
coast districts, the coolest weather of the month occurring 
about the 28th in portions of the North Atlantic States. 

The average temperature as a whole was above normal 
over the Great Lakes, the central valleys and most of the 
Southern States from Texas eastward, though the ex- 
cesses were mainly small. The month was moderately 
cooler than normal from the central portions of Texas, 
Oklahoma, and Kansas westward, generally over the 
Plateau and Pacific States, and locally near the middle 
Atlantic coast. 

Maximum temperatures reached 100° or more at some 
time during the month in practically all except the 
northeastern States, the highest reported, 120°, occurring 
in southern California. They reached 113° in Arizona, 
112° in Nevada and Texas, and 110° in Coes. The 
most extensive warm period was about the 17th to 20th, 
when temperatures in excess of 100° were experience 
generally from the middle and southern plains eastward 
to the Atlantic coast. 
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The coolest periods were on the 1st in portions of the 
central valleys, but mainly during the last decade over 
the remaining portions of the country. Readings below 
freezing were reported in all the northern border states. 
The lowest observed was 14° in the mountains of Oregon. 


PRECIPITATION 


August was, for most of the country, one more 
month in a year in which, up to date, months of well dis- 
tributed and ample rainfall have been few. 

The regions west of the Rocky Mountain Divide had 
usually more rainfall than normal, with comparatively 

ood distribution, ag = amounts were especially 
fee for the region in a few localities, comuiiatan € 
by flood. The northern part of the eastern slope of the 
Rockies was well watered, likewise much of the southern 
Plains and of the middle Mississippi Valley. 

The Plains from central Nebraska northward had a 
considerable shortage as had most of Oklahoma and 
central and eastern Texas, while nearly all the eastern 
half of the country had a decided deficiency. 

The drought in August was remarkably severe in the 
southern Appalachian region, including the western 

ortions of the Carolinas, the eastern two-thirds of 

ennessee, and the northern two-thirds of Georgia. 
In this region July had been comparatively dry, and 
remarkably so in western North Carolina. As a result 
the most serious drought within the memory of old people 
hes widely as August ended, many deep wells 

aving failed, small streams being dry where never so 
known before, rivers being at extremely low stages, and 
hydroelectric service greatly restricted. 

The average rainfall at points in Alabama was the 
least for August since the weather service was organized, 
more than 50 years ago. The shortage was well marked 
throughout the lower Mississippi Valley, and thence 
north to southwestern Missouri, also northeast to west- 
ern Pennsylvania. 

In Minnesota and northwestern Iowa and thence east- 
ward to include northern Michigan, except the immediate 
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shore of Lake Superior, there was likewise remarkably 
little precipitation and forest fires were unusually trouble- 
some for August. In nearly all of New York and New 
England August was a remarkably dry month, but here 
July had generally brought ample rain, save in Maine, so 
usually conditions were not unfavorable. From south- 
ern Massachusetts to northern Florida the majority of 
the coast districts had considerable rain, though almost 
nowhere as much as normal. 

The one eastern district of marked excess was in the 
Florida Peninsula, where numerous stations had twice 
their usual large August falls, one station in Dade County 
recording 17.56 inches. 

The year 1925 to date has been marked by prolonged 
dryness over practically all the Gulf States and large 
areas to the northeast. In Texas every month of 1925 to 
date has averaged drier than normal and from Louisiana 
to Alabama and the eastern portions of Tennessee, 
northern Georgia, and the western portions of the Caro- 
linas and Virginia every month except January. Like- 
wise toward the northeast as far as the southern lake re- 
gion each state shows six or seven months out of the eight 
rom January to August, inclusive, deficient in precipita- 
tion. 

In Arkansas and Tennessee the average deficiency for 
each State for the eight-month period is about 13 inches, 
and in Louisiana, Mississippi and Alabama over 10 
inches, while over the western third of North Carolina it 
is almost 18 inches. 


RELATIVE HUMIDITY 


The percentages of relative humidity were less than 
normal over nearly all portions of the country from the 
Great Plains eastward, the principal exceptions being 
locally over a narrow area from the lower Mississippi 
Valley northeastward to the Great Lakes. From central 
Texas and the southern Plains eastward to the Atlantic 
Coast 2% ranged from 15 to nearly 30 per cent less than 
normal. 


SEVERE LOCAL HAIL AND WIND STORMS, AUGUST, 1925 
The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A more complete statement will appear in the Annual 


Report of the Chief of Bureau] 
Width | Loss| Value of 
Place Date Time | of path, | of Property of Remarks Authority 
yards! | life |destroyed 
Fleming, Colo. (near) ........ Hail and wind_...| Trees, fences and several barns blown down; | Official, U. 8. Weather Bu- 
: some crop damage. reau. 
Beaver County, Okla Destructive hail...| Heavy loss of crops; residences and other build- Do. 
: ings damaged; poultry and cattle killed. 
Path 8 miles long. 
Clark, Fayette and Bourbon ERE Reece” $125, 000 | Hail..............- About 300, acres of tobacco destroyed and corn Do. 
amaged. 
2mi. 15,000 | Severe Crops and windows badly damaged............. Do. 
p.m. 
Detroit, Mich..............-. Violent hail, rain | Streets and basements flooded in some places to | Indianapolis Star. 
se thunder- a depth of 18 inches. . 
storm. 
Indianapolis, Ind............. Thunderstorm | Traffic demoralized for more than an hour; foli- | Official, U. 8S. Weather Bu- 
2? and hail. age shredded; 1 person injured. reau; Indianapolis Star. 
Tampa, Fla. (west of).......- 3] 5. Violent thunder- | No damage Official, U. 8S. Weather Bu- 
m. storm. | reau. 
Greensburg, Pa.............. Thunderstorm....| Building excavation flooded; other minor dam- Do. 
age. 
Lineoln County, Wis......... 3mi. |..... .| 50,000 | Heavy hail........ Growing crops badly damaged Do. 
p. m. 
Humboldt Towa... 413200. Corn damaged 80 per cent in Do. 
ta Beach, Fla.......... Small tornado... _- Two portabs e houses and a garage leveled; other Do. 
minor damage. 
Pittsfield, 4| 5p.m..... | 75,000 | Heavy Damage principally to growing Official, U. 8. Weather Bu- 
reau. 
Mane ty, Minn. (cen- Much damage to corn stripped by Pioneer Press (Minneapolis, 
nn.). 
Releigh, N.C., and vicinity- Thunderstorm | Telephone poles, chimney, and buildings oflight | Official, U. S. Weather Bu- 
and high wind. Crops and fruit suffer reau. 
from high wind. 


'“Mi.” signifies miles, instead of yards. 
64003—25t——3 
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Severe local hail and wind storms, August, 1925—Continued 
} Width | Loss| Value of 
Place Date Time | ofpath,| of | property| Character of Remarks Authority 
yards life otroyed storm 
ureau. 
Hocking County, Ohio....... 880 |...-.. 15, 000 and property damage over path 10 Do. 
miles long. 
Watertown, N. Y .....-..-- 5 | 1.10 p. m-_- 1, 760 |.....- 10,000 | Heavy hail_......- Corn, oats, and potatoes injured_..........._..-- Do. 
Pontiac, Ill. (mear) -.........- Character and amount of damage not reported. Do. 
thunderstorms 
Mechanicsville, Md. (near) ‘Thundergusts..---- Trees uprooted; tobacco and corn blown down Do. 
Washington County, Md--_- Electrical _-....... A barn destroyed and a cow killed near Smith- Do. 
burg; water tower and house damaged in 
1,200 telephones out of commis- 
on 
and excessive 
rain. 
Altenwald, Pa. (near)........ 8 | 6.30 p. m-_- 1,320 13, 000 One at $10,000. Property Do. 
w eavy 
Rockwood, Calif............- 50,000 | Two tornadoes... Bighteen from foundations; | Morning Sun (Yuma, Ariz.). 
rsons injur 
Talbot County, Md__........ 6,000 | Boat on Miles River dam ; tenant | Official, U. S. Weather 
house and a barn at Oxford, and a canning Bureau. 
house at Bozman destroyed. Much corn 
blown down. 
Dodson, La. 9 | Electrical shocked and two houses set fire Do. 
y lightning. 
Henderson County, 400,000 | Damage principally to growing crops but some Do. 
$ to roofs and windows. 
San Joaquin Valley, Calif. Thunderstorm....| Oil reservoir at Coalinga struck by lightning Do. 
(west side of). resulting in a loss estimated at more than a 
million and a half dollars. 
Otsego and Delaware Coun- rt Oo a Rain, hail and | Oats, corn and other crops flattened; one barn | Oneonta Star (N. Y.). 
ties, N. Y. (sections of). wind. and contents valued at $10,000 burned; farm 
buildings and trees damaged. 
Sharon Springs, N. Y ....---- 10 | 2p. m..... 1,898 Fesciis 10,000 | Heavy hail and | Buildings blown down, windows broken; large oe U. S. Weather 
wind. acreage of oats and buckwheat Sareres ureau. : 
one gardens damaged; total loss of 
muc 
Charles County, Md. (be- 11 | 1-3 a. m__- Eee Licceey 16,000 | Moderate hail and | One house and two barns unroofed; much crop Do. 
tween Lothair and Pie- and  thunder- damage. 
cowaxen Creek). storm. 
Jennings, Kans. (near) --_...- 11 | 3.30 p. m__ Ag aR 10,000 | Violent wind and | Several buildings damaged by wind; corn and Do. 
‘ 5 i field crops injured by hail. 
Otero and Bent Counties, 12 5-6 p.m.} 1-2 mi. |_____- 00/000 acres of cantaloupes and melons, and con- Do. 
Colo. ae acreage of sugar beets, cucumbers, 
corn and seed alfalfa vines 
Terre Haute, Ind. pi Thunderstorm _...| Basements flooded in some sections, trees, ‘signs, Do. 
etc., blown down; electric service impai 
Reno and Sedgwick Counties 12 | 8-9 p. m... Soi, }. 3k 500,000 | Violent wind and Many buildings damaged; crops damaged about Do. 
Kans. hail. 50 per cent by stones some of which were 5 
inches in diameter. 
and Taylorville, Il. Electrical. .......- Barns burned by lightning. Do. 
near). 
Rush County, wind and | Farm buildings and crops damaged Do. 
Paris, Il. (vicinity of). Ww find, rain and | Fields and basements flooded; corn prostrated_..| Chicago American. 
Ardmore, Two persons injured and several residences | Official, U. S. Weather. Bu- 
damaged. reau. 
75,000 | Heavy Crops almost totally destroyed; considerable Do. 
. damage to trees, buildings and shrubs. 
East Waco, Tex.............. m..... Tornadic wind_...| Houses unroofed; trees blown down; other minor News, 
damage. Tex. 
Ferris, Tex., and vicinity Electrical and rain | One barn damaged and one a total loss : two 
ney killed ome) one crippled; one person in- 
Gem and Twin Falls Coun- property and crop damage; poultry killed.} Official, U. S. Weather Bu- 
ties, Idaho. Total amount of damage unestimated but reati. 
| there was $40,000 to $50,000 damage 3 miles 
south of Emmett. 
“RES 1,000 | Poles prostrated; plate glass windows broken... . Do. 
Jacksonville, Fla... os ee ee | Thunderstorm | Two persons injured, one seriously. No prop- Do. 
and wind. erty damage reported. 
Nashville, | Thunderstorm. ...| Many out of use; street car service Do. 
| | _impaire 
Raleigh, N. Th an d and power and light service inter- Do. 
: } and wind. 
Seguin, Small tornado one church and several barns demol Official, U, Weather 
— cattle and other stock killed by pee Bureau; Kansas City Star. 
— Ala., and vicin- savy Sell and Conserabe damage, character of which was not| Official, U. 8S. Weather 
nd. ureau. 
Glen Cove, N. Y., and vicin- system disabled; window of | New York Times. 
ity department store destroyed tide 
Pottawattomie County, 16 | 12.30 p. m. 75, 000 |_.... | Corn severely damaged. v. 8S. Weat 
ureau. 
Detroit, Minn., and vici tity Severe wind and | Several buildings trees blown down; | Fargo Forum (N. Dak.). 
north and west of. ail. electric service inter- 
j Bureau. 
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Place Date| ‘Time | ofpath,| of'| property | Character of Remarks Authorit 
path,| y. y 
yards | life Gecroye4 storm 
From Poweshiek County 18 | 9a. m__..- 6-10 mi. $2, 500, 000 |... .- Dn Sebald Very heavy damage over large area. Poultry Official, U. 8S. Weather 
southeast through Iowa, and stock injured or killed: path 75 miles long. Bureau. 
Keokuk, Washington, Jef- 
ferson, Henry, Des Moines 
parts of Hanoosity’ Hood 18 | 11 *510, 000 | Hail and wind d damage; ul D 
of Han ender- and wind__.. and property some poul- 0. 
son, McDonough and noon. illed. “D Damage in Schuyler not included 
Schuyler Counties, Ill. in 
Murphysboro, Ill_........-.- 18 | 3.30 p. m_. 880 |_...-. 11,000 | Wind............. — building badly damaged; other minor Do. 
Cairo, and vicinity 18 | 5.20 p.m barns blown Do. 
19 | 8.44-11.50 Violent thunder- | Some damage by Do. 
a.m. 
Keokuk and Washington 19 | 9a.m Occurred in portions of the same area covered in Do. 
Counties, lowa. the storm of the 18th. Slight damage added. 
La Harpe, Hancock County, 19 | 11.30 a. m. do .---| Storm less destructive than the one in Hancock Do. 
Il. County on the 18th. 
and Peoria Counties, 19 | 1.10p.m-..| 10 mi. 20,000 | Wind and hail. Some damage by Do. 
lh. (in 19 | 3.30 p. m_- 5 mi. Corn damaged by hail north of Danville. Do. 
Ind. (mear)_...... 19 4, Heavy hail__...... Much tobacco ruined... Do. 
_ North and central New York. 115, 000 |....- Some crops entirely destroyed; buildings, trees, Do. 
and wire systems damaged. Heaviest dam- 
age at Tupper Lake, Clayville, and Herkimer. 
Harrisburg, Pa., and vicinity- Thunderstorm, | Poles blown down, obstructing traffic; corn and Do, 
wind and hail. other crops injured by hail. 
Montgomery and Henry 100,000 | Wind and hail_...| Seven hundred acres of fine tobacco Do. 
Counties, Tenn. oe i by hail, some additional damage by 
wind. 
Jefferson 19 Trees, wire systems and windows damaged. Do. 
ounties, Ky. 
Nashville, Tenn., and west W lvcedssas. ‘ Goiksesiedss Thunderstorm,| One chimney and a number of trees blown Do. 
of. and wind. down; other minor damage west of city. 
Montgomery County, Ind. 19| P.m WeMsbcncccess..c Property damage in Darlington and Crawfords- Do. 
(north part of). ville considerable. 
20 tornado.....| Several small buildings wrecked; tent Oklahoman (Oklahoma City, 
down and benches carried several blocks. Okla.). 
Henryetta, 20 — wind, | Several automobiles damaged. Do. 
and rain. 
Johnson City, Tenn... 20 1 Electrical ......... Small child killed by lightning Official, U. S. Weather Bu- 
reau. 
Veedersburg, 20 000 |..... A garage and barn struck lightning and Do. 
5 burned, a horse and "Ladies many 
farm implements. 
Savannah, 21 | 417 p.m High wind........ overhead wires broken; Do. 
rees uprooted. 
Thrall, Tex. (east of)......... 21 | 5.30 p. m Small tornado.....| Two barns unroofed and several small houses | Taylor Daily Express (‘Tex.). 
blown from foundations. 
Andalusia, Ala . .. 21 1 Electrical.........| One person killed by lightning.................- Official, U. S. Weather Bu- 
reau. 
Blakely, Ga__.._..._. 21 1,000 | Thunderstorm....| Poles blown down and a few houses damaged... Do. 
Christian County, Ky. 21 25,000 | Hail............. Four oo ome ye fifty acres of tobacco damaged 25 Do. 
cen 
Echeconne, Ga_.... 21 200 | Wind............. Two! small houses damaged.................-.-- Do. 
burg, Ga_.... 21 3 Thunderstorm ....| No damage reported Do, 
Southport, N. C_.. 21 Hail Slight dames" a as most crops were housed or Do. 
y matured 
Seabrook, Tex 22 10.15p.m-.| 100-400 Tornadic wind_-.- camps and shacks wrecked; 10 persons | Official, U. S. Weather Bu- 
Path 2 miles long. Shreveport Times 
Fort Lupton, Colo......... ae 7p.m Hail... All crops over a path 4 to 5 miles suffered_....... Official, U. S. Weather Bu- 
reau. 
Calipatria, Calif._...... pa Sees: 1 100, 000 | Violent wind_...-. Warehouse and dwellings on east side of town | Los Angeles Times (Calif.). 
torn from foundations; Southern Pacific sta- 
tion cut in half. 
Columbia, Ky.....-- 25 ya 5,000 | Hail_............-- Much tobacco destroyed and corn injured.....-- Official, U. S. Weather Bu- 
reau. 
Lake 26 4 High winds. property damage New York Daily News. 
Statesboro, 26 500 d and hail__._| Some damage to unpicked din Official, U. 8. Weather Bu- 
reau. 
Walhalla, S. C. (near)........ Pit 700 Thunderstorm and| Two barns burned and a cow Do. 
28 | 6p. m..... 1-2 6, 000 Severe damage to growing crops over path 3 to 4 Do. 
miles long. Minor property damage 
i heavy rain. and suburban streets and roads badly wash 
Miles City, Mont... Wind, rain and | Cornand truck gardens damaged to some extent... Do. 
Electra, Tex. 29 | 4p. m..... Small tornado...... Small houses and derricks blown down; little Do. 
ini crops. Path 2 miles long; 2 persons 
n 
Clark County, Wis..........- 29 |...do......-| 60-1, 760 6, 500 | Severe squall...... amage principally to silos and small farm build-| Official, U. S. Weather Bu- 
7 persons injured. Milwaukee Journal 
Saperice, Wis. and Duluth, Severe electrical...| Many grounds washed. One Milwaukee Sentinel (Wis.). 
person 
Dallas, Tex. 30 | 5p.m .--| Wind and rain....| Several residences damaged; 1 injured..| Dallas Morning News. 
Fort Wayne, Ind...... 30 1 Wihad.......2523.2 Many boats on Lake Wawasee imperiled, trees | Indianapolis Times. 
uprooted; many cottages partly wrecked. 
Baltimore, Md., and vicinity. 31 1 Thunderstorm, Many telephones out of order; other property | Official, U. S. Weather Bu- 
G hail and rain. and crop da ; 5 persons injured. reau. 
errardstown and Inwood | Severe hail_......- Damage principally to apple crop. ...-...------- Do. 
wees of Berkley County, 
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STORMS AND WEATHER WARNINGS 
WASHINGTON FORECAST DISTRICT 


The disturbances that crossed the Washington forecast 
district during August were of slight or moderate inten- 
sity only, so that no storm warnings were required. 
Small-craft warnings were displayed, however, from 
Block Island, R. I., to Provincetown, Mass., on the 21st, 
and from Norfolk, Va., to Boston, Mass., on the 27th. 

Frost warnings were issued for the cranberry bogs of 
New Jersey on the 28th.—C. L. Mitchell. 


CHICAGO FORECAST DISTRICT 


The weather of August, 1925, in this district was vir- 
tually uneventful, so far as the occurrence of conditions 
calling for special warnings is concerned. Only a few 
winds of storm force occurred on the Great Lakes, and 
most of these were of brief duration and in connection 
with thunderstorms. The only warnings issued for the 
benefit of shipping were those on the 28th for small craft 
on western Superior, and on the 8th and 22d for the 
same interests by the officials at Alpena, Mich., and 
Houghton, Mich., respectively. 

Warnings for light frost were issued on the 20th and 
25th for the northwestern portion of the Wisconsin cran- 
berry marshes. The first warning was verified, while in 
the second instance the minimum bog temperature was 
33°. Frost warnings were issued also on the 24th and 
29th for areas in the northern Rocky Mountain region, 
and were, for the most part, verified. 

Fire-weather forecasts were made during the entire 
month for western Montana, and similar forecasts were 
begun on the 28th for northeastern Minnesota, where the 


_ situation had become acute.—C. A. Donnell. 


NEW ORLEANS FORECAST DISTRICT 


In forecasting for this district in summer close atten- 
tion is given to the movements and characteristics of the 
predominant areas of high pressure over the interior and 
the Atlantic coast sections of the United States. During 
August, 1925, the feature of principal importance in this 
district was the prevalence of extensive anticyclonic 
areas, which in extending their influence southwestward, 
with a rise in pressure over the Gulf States, were attended 
by rains along and near the Gulf coast. In successive 
instances unsettled weather prevailed only one or two 
days with this condition, until another nicu from the 
west united with the extensive eastern HIGH, after which 
the anticyclone thus formed over the Central States 
moved eastward, and the southwestward thrust occurred 
as before. 

The prevalence of conditions of this type resulted in 
a marked deficiency of rainfall in the interior sections of 
this forecast district, with temperature above normal, 
while along the coast the rainfall and temperature 
averaged nearer the normal values. Pressure gradients 
were — slight and stormy weather did not develop; 
therefore no warnings were required.—R. A. Dyke. 


DENVER FORECAST DISTRICT 


The month was cool and showery, especially in western 
Colorado and southern Utah. ere was only one day 
without showers somewhere in the district. ere were 
two such days in Colorado, seven in New Mexico, and 
nine each in Arizona and Utah. No occasion arose for 
weather warnings of any kind.—E. B. Gittings, jr. 


SAN FRANCISCO FORECAST DISTRICT 


During August, 1925, both temperature and precipi- 
tation were about normal. There were no periods of 
abnormally high temperature, and the only rainfall of 
importance occurred in Washington and western Oregon 
on the 22d and 23d, when a small capeeetes appeared 
over British Columbia. Frequent thunderstorms oc- 
curred in ‘the Plateau region and the mountain regions 
of California. 

The most important meteorological features of the 
month were: (a) The absence of “hot waves” which 
usually occur in August in this district, and (6) the 
reverse direction of the winds along the California coast. 
Usually strong northwest winds blow almost continu- 
ously during July and August, but during the past 
August. the prevailing winds were from the south and 
southwest and were light in force. 

In connection with the above it is well to note that 
the north Pacific area of high barometer was central 
farther west and south than usual and also that the 


readings near its center were much above the normal. 


It seldom impinged strongly on the coast and on these 
occasions only for short periods, after which it would 
again recede into the ocean without the usual secondary 
HIGH passing inland and causing a “hot wave.” 

Forest fire-weather warnings were issued in California 
on the 3d, 15th, and 24th, and were timely and appre- 
ciated by the forest interests. No storm warnings were 
issued and none were necessary.—G. H. Willson. 


RIVERS AND FLOODS 
By R. E. Spencer 


The only flood of importance during August occurred 
in the first week in the lower Rio Grande; report thereon 
will probably appear in the September number of this 
Review. Other floods, resulting in all cases from heavy 
local rains and confined chiefly to the Southwest, were 
without material consequence aside from one railroad 
washout in western Colorado and some local damage at 
Kiowa, Colo. 

Owing to the persistent drought in the Southern States 
rivers in that section continued, as in June and July, 
unusually low. At the end of August low-water recor 
had been broken in a number of streams, the generation 
of hydroelectric power was considerably reduced in sev- 
eral States, and many localities were threatened with a 
serious shortage of water for direct consumption. 
more comprehensive report on this subject will appear 
ms a later issue of this Review, probably that for Septem- 

er, 1925. 


Above flood Crest 
"| Flood stages—dates 
River Station stage 
From—| To— | Stage | Date 
Mississippi drainage: Feet Feet 

Higbee, Colo...... 4.5 5 16.0 
Canadian........... Logan, N. Mex-_-. 
sedi 10 10 4.6 10 
West Gulf : 5 

Rio Grande......... San Benito, Tex..} 21 5 5| 24 
5.0 30 


1 Highest reading reported—probably crest. 
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Aveusr, 1925 
MEAN LAKE LEVELS DURING AUGUST, 1925 
By Unirep States Lake Survey 
[Detroit, Mich., Sept. 9, 1925] 


The data are reported in the ‘“ Notice to 
Mariners’’ of the above date:. 


Lakes ! 
Data Michi- 
. Superior | gan and Erie Ontario 
Huron 
Mean level during August, 1925: Feet Feet Feet Feet 
Above mean sea level at New York.____- 601. 49 578. 42 571. 08 244. 90 
Above or below— 
Mean stage of July, 1925..........._. +0. 10 —0. 10 —0. 03 —0.31 
Mean stage of A —0. 09 —1. 22 —1.07 —1.14 
Average stage for August last 10 years.| —1.04 —2. 29 —1.50 —1.45 
Highest recorded August stage....... —2.44 —5. 09 —3. 03 —3. 36 
Lowest recorded August stage. —0. 09 —1. 22 —0. 30 +0. 55 
A departure (since 1860) of August 
level from July +0. 11 —0. 05 —0. 19 —0,31 


1 Lake St. Clair’s level: In August, 1925, 573.77 feet. 


EFFECT OF WEATHER ON CROPS AND OUTDOOR 
OPERATIONS, AUGUST, 1925 


By J. B. Kincer 


General summary.—There were further beneficial rains 
in the Southwest during the first part of August, and 
crops that were not too badly damaged by the previous 
drought showed considerable improvement, ond, at the 
same time, the more frequent rainfall in many other sec- 
tions of the eastern half of the country was helpful. In 
the Central and Northern States east of the Rocky 
Mountains the first three weeks of the month had mostly 
favorable weather for growing crops, except that rain 
was still needed in some central-northern districts and 
locally in the Ohio Valley, while in the Central Plains 
area they came too late to be of material benefit to some 


crops. 

Th the west Gulf area scattered showers were of bene- 
fit, but it continued generally too dry, and there was very 
little relief in the dry sections of the Southeast, including 
much of Georgia, central and northern South Carolina, 
western North Carolina, southwestern Virginia, and 
eastern Tennessee. The drought in the Southeast was 
intensified by record-breaking temperatures and crops 
suffered badly. At the close of the month droughty 
conditions prevailed over much the greater portion of 
the country east of the Rocky Mountains, with rains 
especially needed for late gardens and truck and for the 
preparation of soil for fall seeding. With the prevailing 
warmth, crops matured rapidly, and seasonal farm opera- 
tions made good progress quite generally. 


Small gravns.—August was generally favorable for the | 


harvesting of wheat and other small grains in the late 
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districts, and for threshing in the principal Wheat Belt. 
At the close of the month harvest had been cern 
except in the more elevated districts of the Rocky Moun- 
tains. Plowing for winter wheat advanced favorably 
until near the end of the month when the soil became 
too dry in most sections of the Wheat Belt. Some wheat 
was seeded in northwestern Kansas and in lowa. Buck- 
wheat grew well under weather favorable for that crop 
and rice developed satisfactorily in California and con- 
tinued in very good condition in Texas. 

Corn.—Conditions were mostly favorable for corn from 
the central and upper Mississippi Valley eastward, but 
it was unfavorable in much of the Great Plains and in 
the South. Early in the period beneficial rains occurred 
in the upper Mississippi Valley, and moisture was mostly 
sufficient in the Ohio Valley tates and middle Atlantic 
area, while temperature conditions were favorable for 

owth. Exceptionally good growing weather prevailed 
in the last-named section and corn made good to excellent 

rogress. Showers were helpful in the middle Plains, 
But the rain came too late to be of very great benefit in 
parts of the area. In the South late corn was unfavor- 
ably affected by lack of moisture during most of the 
month. The latter part was dry and warm, with ex- 
cessive sunshine, over the principal Corn Belt and the 
crop made rapid progress toward maturity. In fact, 
premature ripening, with rather unfavorable effects, was 
reported from some sections. 

Cotton.—In the western Cotton Belt good rains the 
latter part of the preceding month and early in August 
largely relieved droughty conditions, while in central and 
eastern districts showers were beneficial in many places. 
Thereafter, it again became too dry in the West, and at 
the close of the month rain was badly needed in Okla- 
homa, but at the same time, in Texas, cooler weather and 
showers checked shedding and premature opening. In 
the eastern portion of the belt, moisture was insufficient 
in most districts, and considerable deterioration to cotton 
occurred, with extensive premature opening and shed- 
ding, particularly in saoniheom Georgia, much of South 
Carolina, and in the western cotton districts of North 
Carolina. The weather was favorable for rapid maturity 
in nearly all parts of the belt and, in general at the close 
of the month the crop was much in advance of an average 
year. Picking and ginning made good progress in south- 
ern districts. 

Miscellaneous crops.—Pastures and meadows had in- 
sufficient moisture from the Ohio River southward and 
also in central-northern districts, but conditions con- 
tinued generally favorable in the great western grazing 
sections. Potatoes were Savorpty affected by the 


weather in the central Rocky Mountain area and from 
the upper Ohio Valley and Lake region eastward, but it 
was too dry in some other sections. Sugar beets made 


d 
cane d 


rogress in most States where they are grown and 


id well in the extreme lower Mississippi Valley. 
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CLIMATOLOGICAL TABLES‘ 
CONDENSED CLIMATOLOGICAL SUMMARY 


Avaust, 1925 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 


dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 


the several headings. 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 
The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 
Le | Condensed climatological summary of temperature and precipitation by sections, August, 1925 
Temperature Precipitation 
3 Monthly extremes = Greatest monthly | Least monthly 
| 
oF. In. 
80.9 | +11 20 | 51 1 || 1.55 
Alaska [July]........- 55.2) —0.5 e 25 | 2 stations............ 30; 22 || 3.58 
77.7 | —1.4 | 3 113 | 24 Rang- | 27 15 || 2.28 
; er Station. 
Arkansas............. 80.3 | +0.9 | 108 | 219 | Dutton. 47 1 1.81 
California............ 70.3 | —1.4 | Greenland Ranch.._} 120 5 | Gem Lake..........| 18 24 || 0.22 
63.5 | —1.3 | Holly. 104 17 | 2stations. -........- 215 |) 2.65 
81.5 | +0.1 | 104| 61 | 719 || 6.99 
80.6 | +1.1 | 110} 20} Blue 45 | 225 || 1.79 
75.1 | +0.3 | Pahala.............. 94 50 24 || 7.61 
64.9 | —1.4 | 106 2 | 21 24 || 1.02 
: 74.6 | +0.5 auk 45 22 || 2. 54 
73.6 | +0.3 37| 27 || 2.50 
i 72.4 | +0.7 39 21 || 3.47 
77.2 | +0.1 3.18 
76.4 | +0.8 44| 26 || 1.47 
82.0 | +0.4 56 | 224 || 3.25 
: 71.7 | —1.6 35 22 || 2.50 
68.3 | +2.0 26} 27 || 2.28 
j 69.5 | +2.8 29 21 || 2.09 
81.1 | +0.6 §3| 22 || 2.27 
76.5 | +0.5 45 1 || 3.45 Cape Girardeau... 
64.5 | —0.2 22| 31 || 0.89 2 stations...........- 
i 73.0 | +0.2 38 1 || 3.46 Harrison -........... 0. 40 
68.2 | —2.7 21 | 224 || 0.86 . 84 | Quinn River Ranch.| 0.08 
} New England__..___- 66.8 | +0.1 26 21 || 2.11 | —1.72 | Bridgeport, Conn.._| 5.70 | Madison, Me--.-...- 0.35 
New Jersey.........-- 71.0 | —0.9 35 28 || 2.10 | —2.71 | 4.12 | Belvidere. .-| 0.94 
New Mexico... 68.3 | —1.8 32 | 213 || 2.99 | +0.51 Seep Ranger | 9.11 | Albuquerque......-.. 0.49 
ation. 
67.6 | +0.3 29 28 || 2.57 | —1.29 | Taberg.............. 0. 64 
74.9 | —0.3 36 | 26 || 2.75 | —2.63 | 7.03 | 0, 22 
67.9 | +2.5 29 25 || 1.07 | —1.21 | Pembina............ 3.40 | Arnegard..........-. 0.05 
72.0 | 40.3 40 | 222 || 2.34 | —1.12 | | 0. 75 
80.8 | +0.0 50 | 21 1.65 | —1. 66 National | 5.30 | Hennessey ......--.- 0.13 
orest. 
65.0 | —1.2 14| 2411 0.74 | +0.18 | La 2.97 | 2 0.00 
\ 69.7 | —0.7 2% | 28 || 2.28 | —2.24 | Bradford............ 5.14 | 0,65 
Porto Rico__...-....-. 79.5 | +0.4 56 3 |} 4.69 | —2.50 | Coloso........__...- 11. 50 | Santa Rita_.......-. | 0.00 
South Carolina ______- 80.2 | +13 53 23 || 1.48 | —4.40 | Santuck...........-- 3.31 | Society Hill_....-.-- | 0.28 
South Dakota. 73.0 | +3.3 | 108 23 | 5 stations............ 38 | 213 |} 1.31 | —1.01 | 3. 64 | Belvidere | 0.21 
enmessee ............ 77.4 | +1.0 | Perryville........... 107 19 | Crossville........... 42 26 || 1.53 | —2.63 | Kenton._.....-..-.-- 5.06 | Carthage... ..--.---- T. 
82.7 0 | 3 stations............ 112 | 213 | 49 23 2.18 | —0.38 | 7.37 | Mount Pleasant 0.05 
67.8 | —1.6 | St. 108 1 | Woodruff. 30! 18 || 1.71 | +0.62 | 4.99 | Black Rock .......-- | 
72.7 | —1.6 | Danville--.......... 101 | #13 | Burkes 35| 26 || 2.47 | —2.12 | Callaville...........| 6.26 | 0,21 
Washington 65.3 | —0.5 | 5 106 27 | 29 || 0.70 | —0.16 | Cedar Lake-.-...... 4.46 | 5 0,00 
West Virginia. 70.7 | —0.9 | 100 | 210 | 33 | 222 || 1.86 | —2.14 | 4.92 | Camden-on-Gauley.| 0.20 
Wisconsin ............ 68.7 | +1.7 | 217 | Long 31 | 21 || 2.30 | —1.04 | Brule Island_-...... 6.01 | River Falls. ......-- 0. 06 
+-| 63.2 | —0.9 | 4 stations... 99 | Riverside-.......... 17] 25 || 1.32 | +082 | 222.2... 3.90 | Sheridan. | T. 
; 1 For description of tables and charts, see REVIEW, January, 1925, p. 42. 2 Other dates also. 
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TABLE 1.—Climatological data for Weather Bureau stations, August, 1925 
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Taste 2.—Data furnished by the Canadian Meteorological Service, August, 1926 
Pressure Temperature of the air Precipitation 
Altitude 
— Stuti Sea level M 
mean ution eve ean ‘ 
Station sea level, || reduced | reduced a max.+ i Mean Mean — Total 
Jan. 1, || tomean | tomean| 407, mean } cated maxi- mini- | Highest | Lowest Total from | snowfall 
1919 = 24 = sormal min.+2 normal mum mum normal 
Feet Inches Inches Inches oF oF. °F “7. *% Inches Inches Inches 
Pather Point, Quo... 20 29. 91 29. 93 +. 02 56. 4 +0.8 63.1 49.7 75 44 1.70 —1.35 0.0 
296 29. 70 30. 02 +.09 66.1 +3. 0 75. 2 57.0 83 45 3. 10 —0. 73 0.0 
187 29. 81 30. O1 +. 06 69. 6 +3. 2 78.8 60. 4 88 46 1.02 —2. 55 0.0 
236 29. 78 30. 04 +. 08 68. 6 +3.8 80. 6 56.7 92 43 0. 94 —2. 09 0.0 
285 29. 76 30. 07 +. 09 68. 1 +11 75. 5 60. 7 85 48 4. 94 +2. 56 0.0 
RR Ee TE 379 29. 30. 05 +. 06 68.8 +2.8 79. 2 58.3 88 48 2. 48 —0. 28 0.0 
a RE Ea ere 1, 244 28. 72 30. 01 +. 05 60. 4 +4.0 74.4 46.4 85 28 1. 87 —1.43 0.0 
656 66.3 +2.5 76.9 55.7 93 42 0. 34 —1.91 0.0 
Get... 688 29. 38 30. 06 +. 08 67.5 +4.0 79.9 55. 1 92 41 0.77 —1.95 0.0 
Post 644 29. 32 30. 03 +.07 63.9 +4.4 72.4 55.3 80 40 2.63} 0.0 
Biiemenees, Mato kn i 1, 690 28. 16 29. 94 00 62.7 +3.3 75. 4 49.9 89 35 1. 26 —0. 84 0.0 
2,115 27.70 29. 91 —.02 63.7 +2. 2 78.1 49.3 92 36 0. 70 —0. 94 0.0 
2, 144 27. 60 29. 82 —.10 65.5 —0.2 79.8 51.3 97 40 1.47 —0. 20 0.0 
2, 392 27.42 29. 89 —.04 64.1 +0. 1 79. 5 48.7 94 39 1.79 —0. 12 0.0 
3, 428 26. 41 29. 92 +. 01 58. 5 —0.9 73.2 43.9 91 31 1.61 —0. 53 0.0 
4, 521 25. 42 29. 93 +. 02 54.6 —1.7 68. 8 40.4 85 29 2. 85 +0. 32 0.0 
ED SR 2D a 2, 150 27. 62 29. 86 —.06 58.3 —0.5 69. 6 47.1 90 31 2. 61 +0. 48 0.0 
Bask. 1,450 28. 37 29. 92 00 62.3 +3.4 74.4 50. 2 93 38 3. 64 +1. 49 0.0 
1, 592 28. 21 29, 93 +. 02 61.8 —0.8 74.1 49.6 94 38 3. 06 +0. 70 0.0 
230 29.77 30. 02 +. 01 60.7 +2.0 68. 4 53.0 82 47 0. 37 —0. 23 0.0 
151 29. 96 30. 12 +. 02 78.1 —1.5 83.9 72.3 88 68 7. 28 +1. 20 0.0 
LATE REPORTS, JULY, 1925 
Charlottetown, P. E. L.................. 38 29. 83 29. 87 —.03 65.3 +1. 2 71.8 58.7 81 48 1. 36 —2.13 0.0 
48 29. 88 29. 93 00 63. 2 +0.9 74.2 52.1 85 42 1.42 —2. 23 0.0 
SEE a Seep See 88 29. 82 29. 92 —. 04 64. 6 +1.2 74.3 55.0 84 43 1,81 —2, 24 0.0 
65 29, 81 29. 88 —.07 60. 3 +0. 8 67.4 53.2 78 45 4, 26 +0. 64 0.0 
RING iin nine dbontscwqgdeinsbesn 28 29. 76 29. 79 —.09 64, 4 —0.6 74.7 54.1 83 41 4. 62 +0. 43 0.0 
3, 428 26. 48 30. 00 +. 10 62. 2 +1.6 76.9 47.5 93 39 2. 00 —0. 68 0.0 
4, 521 25. 48 29. 98 +. 08 59.8 +3. 2 76. 2 43.3 87 33 1.49 —1.75 0.0 
OS il: SEE Ra a ae 1, 262 28. 70 29. 96 +. 02 72. 4 +3.9 86.3 58.4 95 49 0. 41 —1. 20 0.0 
4, 180 25. 75 30. 03 +.12 54.3 —0.8 67.7 40.9 77 34 2. 90 —0.12 0.0 
760 | 29. 13 29. 94 +. 01 65. 6 +0. 6 78.3 54.9 93 45 0. 61 —2. 47 0.0 
| 


(Inset) Departure of Monthly Mean Pressure from Narmal 


Tracks of Centers of Anticyclones, August, 1925. 
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(Plotted by F. A. Young) 


Chart VIII. Weather Map of North Atlantic Ocean, August 20, 1925 
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